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THE OSCILLATIONS OF THE AURICULAR TONUS IN 
THE BATRACHIAN HEART WITH A THEORY ON 
THE FUNCTION OF SARCOPLASMA IN MUSCULAR 
TISSUES. By Dr PHIL. BOTTAZZI, Assist. and Docent 
of Physiology. (Eleven Figures in Text.) 


(From the Physiological Laboratory, under the direction of 
Prof. G. Fano, Florence.) 


A GREAT many phenomena concerning the physiology of muscular tissue 
have not as yet received any satisfactory explanation. Such are, on the 
. one hand: Bowditch’s staircase phenomenon (Treppe), the “super- 
position” of two contraction curves described by Helmholtz—caused 
by two stimuli following each other within a short space of time; the 
phenomenon which Ranvier designated “tetanus of tonus”; the 
contracture described by Tiegel; the tetanus itself; the idiomuscular _ 
contraction, and generally speaking all those phenomena in which the — 
summation ‘‘ addition’ of Richet) of several contractions takes place ; 
and on the other hand, the phenomenon of the “oscillations of the 
auricular tonus,” which Fano first described in the heart of Emys 
europwa. The general fact to be noticed in the former class is that, 
when two stimuli follow each other with definite frequency their effects 
become added together, and consequently instead of two equal contrac- 
tions, either separate contractions are produced gradually increasing in 
height up to a maximal pitch, or a complete fusion takes place of 
the individual contractions into a single curve higher than the corre- 
sponding simple maximal contractions; in the second class, spontaneous 
changes occur in the line of general tonus over which the fundamental 
rhythmical contractions are inscribed, under the shape of undulations 
of various width, height, and regularity, made up of a positive, systolic, 
or “ contraction” phase, and a negative, diastolic, or “expansion” phase. 

It would be useless to mention all the hypotheses put forward to 
explain the several facts. But for those belonging to the first category, 
Griitzner’s hypothesis may be quoted. It was doubtless suggested by 
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the results of v. Kries and v. Frey as to a muscle being “ supported” 
during its work. Grtitzner considered that in tetanus and in some 
similar phenomena a kind of “intrinsic support” must take place (“innere 
Unterstiitzung”’), since it appeared that in complete tetanus, the muscle 
undergoes so forcible a contraction because it is able in some way or 
other to support itself; hence the analogy, which particularly refers to 
the height of the maximal contractions, between the phenomenon 
noticed by v. Kries and v. Frey during the artificial support of the 
muscle, brought about by means of rhythmical, isochronic stimuli, and 
the tetanus. However the cause of such an “intrinsic support” 
had to be sought for, and for this purpose Griitzner availed himself of 
the recently acquired notions on the structure of striated muscles, viz., 
the fact of there being present in every muscle amongst the many pale 
and clear fibres a certain more or less considerable number of dim or 
red fibres. The latter, he supposed, during their contraction have 
the former to support them. But it is obvious that Griitzner’s 
hypothesis, though resting on a sound histological and functional base, 
is only of value so far as concerns the striated muscles. The same | 
interpretation cannot be applied to the many other similar facts 
noticed in cardiac muscle and in unstriated muscular tissue. 

With regard to the contractions and the oscillations of tonus shown 
by the auricles in Emys europea, Fano was of opinion that the two 
kinds of novement in view of their independence, must have their origin 
in different kinds of elements. He vhought, further, that the muscular 
fibres of the auricles are composed of two kinds of elements which differ 
in their nature and which are to a certain extent independent of each 
other. Griitzner’s hypothesis is supported by an anatomical fact, 
whilst Fano’s depends upon physiological results, but no histological 
observation exists which gives us the right of admitting essential 
differences in the structure of the myocardiac cells of the auricles, It 
is true that lately certain spots have been found in the sino-auricular 
segment, where the myocardiac cells show a nearly embryonic structure ; 
but these are grouped in distinct regions, and are not found in all parts 
of the auricular tissue; whereas Fano’s studies lead us to the conclusion 
that both kinds of muscular rhythm pertain even to the smallest piece 
of the auricular wall. 7 

It thus happens that no minute and precise explanation is given 
either of the “ oscillations of auricular tonus” or of the other phenomena 
I have already alluded to. 


The observations I have made during this year on the unstriated 
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muscular cells of both adult animals and chick embryos, together with 
other studies on the “oscillations of auricular tonus” in the hearts of 
amphibia, and a careful inspection of the many tracings of auricular 
movements either published or possessed by Fano form the foundation 
of the new hypothesis which I shall set forth here. 

The studies on the unstriated muscular cells are part of a paper, about 
to be published elsewhere. I propose in this account to deal with my 
experiments upon the “oscillations of tonus” in the amphibian heart, 
and to discuss various fucts in the light of the hypothesis suggested by 
these experiments. 


Il, 


The object with which these researches were undertaken, was to see 
whether the phenomenon which Fano noticed in the tortoise’s auricles, 
and which he named “oscillations of tonus,” are to be found in the 
auricles of other animals also. My method of research only differs 
from Fano’s in one point, viz., that I have always left the stump in 
normal connection with the sinus and the great vessels of the base 
instead of doing this only occasionally. Having fastened the animal 
(Rana esculenta, Bufo viridis, Bufo vulgaris, Lacerta viridis, Tro- 
pidonotus natria, Anguilla vulgaris, etc.), I exposed the heart, taking 
good care that no blood should be lost ; I then tied a silk thread around 
the auriculo-ventricular groove, after which by means of a delicate glass 
hook I attached the auricles in situ to the writing lever. The auricle 
by this means retained all its blood and there could be no question of 
the phenomenon obsérved being due to exhaustion of the auricular 
muscle. Yet the thread round the auriculo-ventricular groove still 
remained, acting on the auricle like a continuous stimulus, as did the 
metallic fork used by Fano to fix the excised tortoise’s heart out of the 
body. Fano himself however saw the appearance of the oscillations of 
tonus even when the fork was thrust into an extremely small fraction of 
the auricle, and therefore attributed to these oscillations a myogenous 
origin. It is also to be mentioned that he obtained a series of 
tonus-oscillations from hearts left in situ—having no injury except 
that caused by a ligature at the extreme tip of the auricle, made for 
the purpose of putting the latter into connection with the writing 
apparatus. It is clear, then, that the oscillations of tonus cannot be a 
consequence of a stimulation of the vagus. However, with this method 
the increase of the intra-auricular pressure caused by the blood being 
unable to flow on account of the ligature, might become a matter of 
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some importance. But, as will be shown later, the double rhythmical 
function of the auricles suffers no change in its course by their being 
emptied. This reason together with many others (to be set forth by 
Fano and myself, in a work shortly to be published) lead to the obvious 
conclusion that the “tonus oscillations” can gppear independently of 
any abnormal stimulus, and probably exist normally in the heart of 
normal, living animals, One last difficult point is that these oscillations — 
very often make their appearance some time after the auricles have been 
fixed to the apparatus. This however is probably nothing but the effect 
of the mechanical stimulus which cannot be avoided, and is, as everybody 
knows, most active on the muscular cell tissues, its first effect being 
either a contracture or an inhibition of movement. As soon as this 
effect is over the oscillations of tonus begin. 


In amphibia the tonus-oscillations begin a short time after the 
auricles have been hooked up and last for a long time. They show 
striking dissimilarities even in animals of the same class of amphibia, 
and also differ from those Fano described in the tortoise. 

1. As a rule they are less evident in amphibia, though visible 
enough, as can be seen in the following tracings (Figs. 1—9). 


Fic. 1. Auricles of Bufo viridis, suspended in situ, and full of blood. Oscillations 
the height of the fundamental contractions is smaller. 


2. They show a great regularity and a constant rhythm, on which 
appears the more frequent rhythm of the fundamental contractions. 

3. In Bufo vulgaris (Figs. 2, 3), their frequency is rather slight, 
notwithstanding the height of the fundamental contraction caused by 
largeness of the auricles. This perhaps may explain their apparent 
irregularity. Besides concerning the frequency it is to be mentioned 


4 
4 
t 
4 
“a 


FUNCTION OF SARCOPLASM. 5 


that in the tortoise ‘all the intermediate grades can be found between 
the very frequent oscillations in Fig. 6, and the very rare ones, which are 


Fic. 2, a, b, c. Three oscillations of the auricular tonus in the heart of Bufo 


vulgaris, with the expansion phase predominating. The oscillations are very 
slow. 


Fic. 8, Contractions of the sinus venosus in the heart of Bufo vulgaris. Rare 
oscillations of tonus with the expansion phase predominating. In the point + 
the vapour of chloroform is made to act. (To be read from right to left.) 
like those seen in Bufo vulgaris in Fig. 2c and Fig. 3. Compared with 
these and the tortoise’s, the auricular oscillations are very frequent in 
Rana esculenta and Bufo viridis (Figs, 4, 5). The difference in the 


Fic. 4. Normal course of the auricular movements in the heart of Rana esculenta. 
The oscillations of tonus are very regular and very frequent. The tracing 
shows wide oscillations of the general tonus of the auricular preparation, whose 
nature is not surely known. 


frequency of the fundamental rhythm which is not as great in the 
tortoise and Bufo vulgaris as in the two other amphibia, does not exactly 
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correspond to the difference existing between the oscillations of the 
tonus, 


Fie. 5a. Oscillations of auricular tonus in the heart of Bufo viridis. The u 


ee e lower tracing was taken ut half-an-hour 


extraction of the blood. 

4. What most attracts our attention however is the fact that, if a 
single oscillation of tonus be considered, the fundamental rhythmical 
movement appears to behave in a different way in different cases, for 
instance in the tortoise and in the toad. Asa rule, in the tortoise the 
fundamental contractions are seen in the tracing to become gradually 
less extensive during the rise of tonus, and consequently to become 
sometimes nearly invisible, whilst they become more extensive, i.e. have 
a greater range during the fall of tonus (Fig. 6). 

Nothing of the kind can be seen in the auricles of amphibia. In 
these the extent of the fundamental contractions 
suffers no change during the two phases of the 
oscillations of tonus, and certainly this is what 
makes the corresponding tracing look more 
regular. This fact Fano observed and ascribed 
to the lessened margin of contractility of the 


Fre. 6. Oscillations of 


auricles during the motor phase. The oscilla- auricular tonus in Emys 
tions of tonus being thus weaker in amphibia ‘wypea’. Normal sourse 
the constancy in the height of the fundamental 14° 0. 


1 This figure and the others concerning the auricular function in Emys Prof. Fano 
kindly allowed to be reproduced from tracings recently obtained by us in a research not yet 
published. 


movements. Temp. 
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contractions during both the phases of every single oscillation is easily 
explained. 

5. Yet not infrequently in the tortoise also, oscillations of tonus 
may be shown completely similar to 
those seen in aniphibia, so far as con- 
cerns the range of the fundamental 
contractions during the phases of an 
oscillation (Fig. 7). It cannot there- 
fore be said that the form shown in | 
Fig. 6, though it be more frequently Frio. 7. Oscillations of auricular tonus 
met with, is a characteristic and in the heart of Emys. Normal course of 
special feature of the oscillations of *® movements. Temp. 14° 0. 
tonus in the tortoise. I may mention also that in Fano’s tracings, the 
greatest variety occurs in the form of the oscillations, though these 
always retain some peculiar features common to all of them. Further 
on we shall see what causes the important phenomenon discovered by 
Fano to be so variable. 

By the experiments I undertook other facts were brought to light, 
which may be briefly stated as follows. 

6. If, after we have registered the auricular movements of a heart, for 
instance, of Bufo viridis, the auricles still being full of blood, we manage 
to pierce one of the great veins connected with the auricles, so as to 
drive gradually all the blood out of the latter, the double rhythmical 
movement persists, retaining its form, and does not suffer any change, 
either within a short time or afterwards (cp. Fig. 5 5). 

7. If the ligature has been tied between the sinus venosus and 
the auricles, and if the excision of the latter has been performed at the 
same time as that of the ventricle, the remaining great vessels and 
sinus show oscillations of tonus (Fig. 3) similar to the auricular ones 
(of Bufo vulgaris). 

8. Letting some drops of an isosmotic solution of a potash salt fall 
gently on the auricular preparation, as its double rhythmical movement is 
being registered, the fundamental contractions gradually become smaller 
until they nearly disappear, whilst the oscillations of tonus are kept up 
for a longer time. Meanwhile the general tonus of the preparation 
goes on becoming as depressed as its power of distension allows it. 

9. Pouring a few drops of chloroform into the moist chamber con- 
taining the preparation, and allowing time for the vapour to mix with 
the air, the fundamental contractions are seen to become smaller and 
less frequent, and finally disappear, the oscillations of tonus vanishing 
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at the same time. When the action of the chloroform has ceased for a 
long time the auricles begin beating rhythmically again. The oscilla- 


Fic. 8. Auricular preparation of Bufo viridis. Tracing @ shows the. auricular 
contractions almost immediately after the action of an isosmotic solution of 
KCl; tracing } shows the same a few minutes later. Temp. 14°C. 


tions-of tonus however will be waited for in vain; they do not appear 
any more, and are suppressed for ever. The same phenomenon can be 
noticed in the sinus venosus (Fig. 3). 

In this way we have found in the salts of potash and in chloroform 
a new means of separating the two rhythmical auricular movements, - 
besides those Fano found earlier. All the substances however which 
the latter experimented with, were alkaloids and are to be ranked 
amongst the so-called nervous poisons of the heart; whilst the two 
poisons I tried act as well, and principally, upon the chemical composi- 
tion of the myocardiac cells. This proves that the difference between 
the two kinds of movement and their respective independence are 
actually caused by the structure of the myocardiac cells. 

In the auricles of Lacerta viridis, of Tropidonotus natriz, of ete 
vulgaris, and of chick embryos I could not succeed in making any 
oscillations evident, similar to those seen in amphibia. From the 
auricles of Tropidonotus natria (Fig. 9) I obtained a very peculiar 


Fic. 9. Auricular function of the heart of Tropidonotus natriz. Temp. 16° C. 


tracing showing groups of 3 or 4 contractions, and between these 
a contraction which appears to be higher if compared with the line of 
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the systolic apices, or not as low as the others if compared with the 
diastolic line, which accordingly is interrupted in this point. The 
tracings of the auricles of chick embryos, too, show something of 
this kind. I could not tell whether any distant likeness between 
this last form of tracing and the normal oscillations of tonus might be 
considered to exist. I am far from intending to deny the existence of 
oscillations of tonus in these animals’ auricles. Nevertheless, it does 
not seem to me possible—and I shall give reasons for this later—that 
the phenomenon should be able to produce itself in animals higher in 
the zoological scale as clearly as in the lower ones. 


ITl. 


As I studied the embryonic evolution of the motor power in 
unstriated muscular tissue, I found phenomena like those seen in the 
auricles of Emys and of amphibia, even in a small piece cut off from 
the cesophagus of a full-grown frog or from a chick embryo of the 
16th day of incubation and upwards. I noticed that the cesophageal 
muscular cells, especially the ones belonging to the longitudinal layer, also 
have a double rhythmical movement. The tracing shows fundamental 
rhythmical contractions registered over a waving line always bearing an 
evident likeness to the oscillations of tonus already spoken of. Hence 
I was led to conclude that the tonus-oscillations present a general 
phenomenon especially to be met with in tissues composed of unstriated 
muscle or of myocardiac cells. And as I was convinced from the beginning 
of their being automatic and exclusively myogenous, I consequently 
went to work in order to trace their origin and causation. Without 
doubt the tonus-oscillations have nothing to do with periodical changes 
in the elastic properties of the muscular tissue, but are related to its 
contractility: a fact which Fano was the first to point out. In my 
opinion it is in the sarcoplasma of the muscular cells that 
such a contractility has to be sought for. 

There are many facts which support this hypothesis. In the first 
place there is the very slow rhythm of the contractions, reminding one 
of the periodical contractions and expansions of a pseudopodium of an 
Ameeba. Secondly, each oscillation of tonus is composed of two 
opposite movements following one another; that is to say, one of 
contraction and another of expansion, the former ascending higher than 
the abscissa, the latter falling below it. This kind of periodical move- 
ment appearing in the tracings in the form of more or less regular 
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waves, particularly belongs to the cytoplasm of the inferior unicellular 
organisms. The more differentiated muscular substance, that is to 
say, the anisotropic substance of the muscular tissues is deprived of 
real expansive movements, for a striated muscle cannot be said to be 
expanding as it goes back to its former state of equilibrium after the 
phase of contraction. 

We have seen that the double movement of contraction and ex- 
pansion can only be found in the muscular elements containing a 
great amount of sarcoplasm, namely, in unstriated muscular cells and 
in the myocardiac cells of certain parts of the cardiac tube ; and we find 
that another rhythmical movement may be developed independently of 
the above, exhibiting only a mechanical relationship to it. This, I 
think, affords reason for believing that the former movement belongs 
to the undifferentiated part of the muscular cell, to the sarcoplasm, 
whilst the latter seems to belong to the differentiated portion of it, 
namely, to the doubly-refractive substance. The absolute independence 
of the oscillations of tonus and the fundamental contractions,—a fact 
so clearly brought to light by Fano,—leads of itself to the conclusion 
that the two actions originate in different parts of the cells. 

Lastly, the phenomenon of the oscillations of tonus is observed to 
depend always upon the quantity of sarcoplasm. The greatest range is 
attained by these oscillations in the tissue of unstriated muscular cells 
of either the fully developed or embryonic cesophagus; they are also 
very evident in the auricles the elements of which are in a lower stage 
of evolution than are the elements of the ventricles, and in Hmys 
europea, the cardiac fibres of which, as Ranvier stated, contain a 
much larger amount of sarcoplasm than is to be found in other 

It is doubtful whether any such oscillations exist in the higher 
vertebrates; it is doubtful even whether they exist in Ophidia. I at 
least did not succeed in bringing them into evidence. They are 


‘absolutely wanting in striated muscular tissue. For this reason I 


think I have sufficient ground for asserting that the oscillations 
of tonus are simply independent contractions and expansions 
of the sarcoplasmatic part of tissues composed of muscular 
cells. 

Some confirmation of this view is afforded by the variations 
occurring in the form of the curve of tonus oscillation, which suggest 
a survival of the irregular movement which can be seen in the 
protoplasm of Amoeba. It is known that the contracting and expanding 
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movements of the pseudopodium of an Ameba which are both to be 
considered as active movements, are independent of one another 
(Verworn).. In an exactly similar way the two phases in the oscil- 
lations of -tonus which I termed positive and negative, and which 
better still should be called contraction and expansion phases, are 
independent of one another. In some tracings the regularity and the 
similarity of the two phases are striking (Figs. 1, 7); sometimes the 
contraction is predominant (Figs. 10, 11), sometimes the expansion 
(Figs. 2, 3). We shall probably find out how to act separately on each 
of them by either chemical or physical means; all that can be said at 
present is that the potash salts used in small quantity not only favour 
the expansion phase in every single oscillation, but bring on a lowering 
of the general tonus, this last fact being of the same nature as the 
former. 


IV. 


I have said that in the muscular cells which have reached the 
_ highest grade of evolution, and the sarcoplasmatic substance of which is 
reduced to a minimum, the phenomenon called “ oscillations of tonus” 
can no longer be observed. Without entering into the question 
whether our still rough graphic methods are able to reveal the minimal 
movement carried out by this infinitesimal quantity of sarcoplasm, we 
may endeavour to explain the want of oscillations as due to a want of 
automaticity. Very likely in fact the sarcoplasm of the most differen- 
tiated kinds of muscular tissue has lost its automaticity in the same 
way as the anisotropic substance, which represents a special histological 
differentiation inside the muscular cell, and which carries out the 
fundamental rhythmical contractions, has become deprived of auto- 
maticity. 

The properties of the sarcoplasm however appear to be somewhat 
different in the most differentiated muscular tissues (ventricles of the 
heart, striated muscles), although this remains substantially of the same 
nature. In these properties can be found, I think, the explanation of 
all the phenomena I alluded to at the beginning of the paper, namely, 
the phenomenon of the “staircase,” etc. It is the contraction of the 
sarcoplasm, with its special features of greater duration and 
tonus, that forms the “intrinsic support” for the indepen- 
dent contraction of the anisotropic substance, and has a 
similar action to that of the “extrinsic support” in v. Frey’s 
and v. Kries’s experiments. 
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- What should most attract our attention is the fact of this “ intrinsic 
support” being equally afforded by the sarcoplasm both when the muscle 
is contracting of its own accord and when the contraction is brought 
abvut by means of external stimuli of definite frequency and strength. 
The truth of this statement will be further shown by inspecting the 
following figures and comparing them with the Figs. 1 and 2 in 


v. Frey’s work published in the Beitrdige zur Physiologie dedicated 
to C. Ludwig, 


mil 


Fie. 10a. Oscillations of auricular tonus in the tortoise’s heart, the contraction 
phase being made to prevail by elevating the temperature (23°C. ). 


Fie. 10. (See explanation of preceding Fig.) Temp. artificially raised 22°5°C. 
The contractions of the sarcoplasm become considerably wider, and the funda- 
mental rhythmical contractions go up to an unusual height. 


It is striking how nearly identical these and v. Frey’s tracings 
are. And yet his tracings were taken from a frog’s striated muscle 
which was “supported” during contractions brought on by rhyth- 
mical electrical stimuli; whilst our tracings were obtained from 
the automatically acting auricle of Emys europwa. In the former 
case it was the “extrinsic support” which caused the contractions 
to rise so high as to reach the line of tetanus, here it is the 
contraction of the sarcoplasma, viz. the contraction phase 
of the corresponding oscillation of tonus, which “supports” 
the auricular muscle and makes the line of the systolic 
apices of the fundamental contractions become so much 
higher. 
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The stimulus always acts either first on the sarcoplasm and so by 
transference on the anisotropic sub- 
stance, or on the muscular fibrille and 
on the sarcoplasm at the same time. 
In the sarcoplasm however the excita- 
tion and the respective contraction last 
for a longer time and are more tonic; 
hence it happens that in the sarcoplasm 
not only the summation of consecutive 
excitations, even when these do not 
so closely follow each other, but also 
Griitzner’s phenomenon of the “ in- 
trinsic support” are made possible, the 
muscle receiving the following stimulus 
while the sarcoplasm is still in the —_ 
This I believe to be the reason why to observe the likeness of the phe- 
the more sarcoplasm there is contained 
in the elements of the preparation which 
is being experimented on, the less the 
frequency of stimuli which is required to produce the summation 
of single contractions or of states of excitation. And thus the reason 
of different muscular tissues answering the external stimuli in a 
dissimilar way, can be explained on the view that the sarcoplasm— 
provided with an irritability and a contractility similar to those 
of the cytoplasm of the lowest unicellular organisms—is present in a 
different quantity in the various muscular elements, and that in the same 
sarcoplasm only such excitations are summed up which are individually 
unable to produce a single contraction of the muscle, or such excitations 
as are sufficient to cause the phenomena of superposition and fusion of 
the single contractions. 

If however we admit that the sarcoplasm receives the external 
stimuli, and that it accumulates and sums up the insufficient stimuli; 
if we admit, in short, that all the chemical and physical processes 
producing secondarily the mechanical fact of the contraction in the 
anisotropic substance of a striated muscle, resides in the sarcoplasm, in 
it we must also acknowledge that the similar processes take place 
primitively, which are the real cause of movement in automatically 
acting organs. Such movements we call automatic only because the 
special kind of inner stimuli producing them escapes our powers of 
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perception. In other words, we must acknowledge the automa- 
tism to reside in the sarcoplasm. 

On the one hand we see how muscular organs provided with 
automatic movements always contain a greater amount of sarcoplasm, 
whilst on the other hand the most differentiated form of muscular 
tissue shows no automatism at all, and possesses but a scanty residue of 
sarcoplasm surrounding the anisotropic substance. 

We have besides reason to believe that the metabolism of the 
muscular elements is principally carried out in the sarcoplasm; 
but its opposite phases do not probably quite correspond to the two 
opposite phases of the movement; firstly, because such a slow chemical 
rhythm of nutrition is not at all likely to exist; secondly, because we 
must consider the expansion phase, too, as an active movement thereby 
accompanied by disassimilatory processes; and lastly, because of the 
production, during this phase, of contractions of the doubly-refractive 
substance, which, though somewhat weaker, are equal to those of the 
contraction phase as far as the frequency is concerned. We can 
therefore recognise a difference in the anabolic and katabolic phenomena 
during each phase of the movement, and we can believe also that the 
anabolic ones are prevailing in the expansion phase, whilst the katabolic 
prevail in the contraction. | 

Since also the original cause of the automatic movements is to be 
sought for in oscillatory trophic changes of the living substance, we 
think this affords a further proof of our hypothesis that the automatism 
resides in the sarcoplasm. 

Every automatic movement however assumes the rhythmical, peri- 
odical form ; nor could we even in our case think of a different form of 
movement. The sarcoplasm therefore supplies the rhythm of 
the movements in muscular organs provided with it. But 
here a question arises which is worth some discussion. If, as a con- 
sequence of our preceding remarks, we suppose the doubly-refractive 
substance of the muscular elements to have undergone further differen- 
tiation during the phylogenetic development for the purpose of a more 
rapid contraction, and if we represent it as destitute of automaticity and 
rhythmical power, we are obliged to admit that whenever in the same 
organ two rhythmical movements simultaneously show themselves, and 
are wholly independent of each other in their frequency, nature and 
seat; the one of them, which we said to be due to the doubly-refractive 
substance, necessarily can be but an effect of stimuli coming from the 
sarcoplasm, which carries out the other movement, in the same manner 
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as rhythmical movement may be produced in a muscle possessing 
no automaticity by means of electrical stimuli properly applied to 
it. The following question may then be asked: whence does the 
different frequency of the rhythm between the two simultaneous move- 
ments arise ? 

As the quickest rhythmical movement of an automatic muscular 
organ is, in its frequency, very nearly equal to that which external 
stimuli can produce, and as the rhythm of the stimulus is independent 
of the actual movement in both cases, we are left no other way of 
explaining the matter than by admitting that the doubly-refractive 
substance of muscular automatic organs possesses the property of 
answering to both internal and external stimuli with a special rhythm, 
the frequency of which, constant in single organs and special animals, 
is the result of an hereditary adaptation to the special rhythm of the 
inner trophic stimulus innate in the sarcoplasmatic part of the element. 
We may add that any other stimulus, of whatever kind it may be, can 
only produce the usual rhythm of the organ or have no effect at all’. 

We therefore make a decided distinction between the rhythmical 
property of the automatic movements of the sarcoplasm, and the 
property the anisotropic substance has of answering with rhythmical 
contractions either internal or external stimuli. The first is strictly 
connected with the automatic movement itself and always accompanies 
this wherever it appears; the second is the consequence of a special 
physiological differentiation of the anisotropic substance, it is not 
automatic, it may be found more or less even in muscles completely 
deprived of automatism, and, the frequency of the special rhythm in 
each single case being constant, is to be considered as the effect of a 
particular adaptation to the rhythm of the physiological stimulus, 
which depends upon the kind, intensity and nature of the local 
metabolism. 

A somewhat interesting question is whether in muscular tissues 
the wave of excitation, and therefore also the electrical and contraction 
waves are transmitted through the doubly-refractive substance, or 
through the sarcoplasm, or through both. 

Starting from the fact of the variations in velocity with which 
the wave of excitation is transmitted in different muscular tissues, 


1 The rhythmical movements produced by Ranvier and Biedermann by means of 
electrical and chemical stimuli in skeletal muscles utterly destitute of automaticity, are 


but the remains of the rhythmical property, which is developed to the highest degree in 
automatic muscular organs. a 
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Biedermann believes that the sarcoplasma transmits the slow waves, 
whilst the quick waves go through the fibrille. 

I think it unlikely that the two fundamental substances of the 
muscular element take part in the transmission of the excitation at the 
same time. It is undoubted that the slow waves can be transmitted 
through the sarcoplasm; this may happen in smooth muscular tissue 
and in the cardiac tissue of cold-blooded animals. The idea of the 
doubly-refractive substance having a part in the transmission of the 
rapid waves might be opposed by saying that the wave of excitation 
would have in any case to go through the sarcoplasm at some points, as 
for instance at the junctions of the cells and the fibres, and therefore 
would have also necessarily to suffer changes of form, length and 
velocity. Had we only to give explanation of the difference existing in 
the rate of transmission in the various tissues and organs, we might be 
quite free to think in the different cases of special local chemico-physio- 
logical evolution of the sarcoplasm, and of special forms of adaptation. _ 

But, how can we account for the fact that the same muscle is able 
to transmit long and short, slow and rapid waves? This can only be 
the effect of the general conditions in which the transmission is effected. 
And is not for instance the difference in the power of transmission, 
between a tired, exhausted heart, and a normal one, equal to the differ- 
ence existing between the power of transmission of a smooth muscle and 
that of a striated muscle? And-why cannot the various conditions of 
the metabolism of the sarcoplasm, the different irritability, the force or 
nature of the stimulus, the different innervation of the organ, the 
temperature, etc. sufficiently account for the various powers of transmis- 
sion of one and the same substance? All the more, as the transmission 
of the excitation is but the spreading from one molecule to another of a 
chemical disintegrative process, which is of course dependent upon all 
the above referred conditions, and is apt by reason of them to suffer 
radical changes. I therefore do not find it necessary to accept Bieder- 
mann’s view, and I think nothing for the moment prevents us from 
considering that the power of transmission of the excitation 
in muscular organs resides only in the sarcoplasm. 


We have not however yet tried to explain each of the above- 
mentioned phenomena according to our theory. This we shall briefly 
now endeavour to do. 
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When two contractions are added together, and this is the funda- 
mental fact in nearly all the phenomena we have been speaking about, 
it is sarcoplasm, which being in its phase of contraction when the 
second stimulus comes into action, “supports” the doubly-refractive 
substance during the second contraction, which accordingly rises 
higher. 

The residual shortening is caused by a residual contraction of the 
sarcoplasm. 

All the phenomena of contracture, together with the pseudo-tetanus 
of the ventricular muscle are nothing but tonic contractions of the 
sarcoplasm, which cannot be kept long in such a state unless the extrinsic 
stimulus has attained a certain strength. 

The same can be said of Ranvier’s “tetanus of tonus,” and of the 
other similar phenomena; the same of the “rhythmical tetanus” of 
Richet, and of the similar form that can be produced in the ventricle of 
the heart (Ranvier, etc.) and in the bulbusaorticus (Engelmann). In 
these cases the rhythmical contractions of the anisotropic substance, 
which show a definite frequency, are executed on a more or less elevated 
line of tonus, determined by the permanent state of contraction or 
contracture of the sarcoplasm. 

We can easily pass from these facts to the incomplete and to the 
complete tetanus of striated muscles: since on account of the action of 
the sarcoplasm the muscle is put into a state of tonic shortening, the 
single contractions of the doubly-refractive substance cannot be shown 
any more: they only appear in the ascendant phase of the tetanus, in 
which the sarcoplasm has not yet reached its highest pitch of con- 
traction. 

The idiomuscular contraction both on account of its duration and 
because it can be more easily produced during exhaustion of the muscle, 
etc. appears to be a tonic contraction of the sarcoplasm: this less 
developed form of contractile substance, in fact, though it be less 
irritable, nevertheless maintains its irritability for a longer time than 
the doubly-refractive substance. 

We have discussed the phenomena seen during the “ oscillations of 
tonus” in the auricles of Zmys (p. 6, 7). We have asserted them to be 
nothing but consecutive contractions and expansions of the sarcoplasm 
of the myocardiac cells, and we have said that the gradual increase in 
the height of the contractions of the anisotropic substance during the 
contraction phase of the oscillation is caused by an “intrinsic support” 
which is supplied by the contraction of the sarcoplasm similar to that 
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observed by v. Kriesand v. Frey’. The phenomenon is far more evident 
in the auricles of Hmys, the amount of sarcoplasm contained in the 
morphological elements of the cardiac muscle being in this animal, 
according to Ranvier’s studies, most remarkable. If, as seems certain, 
the oscillations of tonus are nothing but movements of the sarco- 
plasm, and as they are so evident and so easy to be registered in the 
smooth muscular tissue of the cesophagus and in the cardiac auricles, 
these organs afford us the best means of minutely studying the move- 
ments of the sarcoplasm and the influence many physical and chemical 
agents have on it. But even now we are able to say that the strongest 
effect on muscular organs composed of elements richly provided with 
sarcoplasm is produced by mechanical* and thermal stimuli, which 
fact is consonant with the ideas we hold at present about the special 
features of the irritability of the cytoplasm in the munocellular 
organisms, to which cytoplasm we must imagine the sarcoplasm of 
the muscular elements in a certain way to be similar. 

We are however obliged to admit that the sarcoplasm in 
various muscular tissues has suffered special differentia- 
tions in its fundamental properties: its irritability and its 
contractility, and that the effect of the stimuli is not de- 
pendent on the quantity of the sarcoplasm alone. A striking 
difference must also be acknowledged to exist in the irritability, the 
quickness of contraction, and the property of transmitting the stimulus, 
which are much less prominent in the sarcoplasm of a muscular cell 
than in a striated fibre, This remark seems to us to be so necessary 
and logical and so likely to be true, that we do not think it needful 
to insist further upon it. 

In some phenomena, however, as for instance, in Bowditch’s “ Treppe” 
phenomenon and in other similar ones, it is impossible to speak of a 
contraction of the sarcoplasm, in the real and mechanical meaning of 
the word, as helping the contraction of the doubly-refractive substance. 
But we should not forget that in such cases we make use of compara- 


1 Frank also observed in the heart a phenomenon like that described by v. Frey 
and v. Kries, and that shown by the tortolee's auricles ; namely that ‘‘...der Gipfel der 
Ueberlastung ng bei steigender Unterstiitzung, d. h. geringerer 


Anfangsspannung 
sich erhéht.” It should be remembered that in Frank’s experiments the intracardial 
pressure was used as a stimulus. 

2 One of the highest mechanical stimuli is the tension of the muscular preparation : it 
chemical disintegrative process. 
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tively weak stimuli, that the sarcoplasm, like all irritable and contractile 
substances, has the property of adding together the stimuli, and that 
the irritability of the anisotropic substance is greater than that of the 
sarcoplasm. We may well imagine the disintegration of the molecules 
of the- irritable substance, (which at its beginning give rise to the state 
of excitation, and at its end or in the stage of explosion, give rise to the 
contraction) to be more or less intense as the force of the stimulus 
producing it is greater or smaller. We are also right in believing that 
a weak stimulus may start the disintegration, which afterwards goes on 
increasing with the following weak stimuli, until it reaches the liminal 
value which is required for producing a contraction of the doubly- 
refractive substance; the phenomenon being the consequence either of 
the chemical process itself, or of the thermal effect of this (Engelmann). 
In a similar way equally weak but sufficient consecutive stimuli are the 
cause of contractions of increasing force, because the chemical disinte- 
gration which takes place in the sarcoplasm has been gradually becoming 
more intense as the stimuli followed each other. This will appear to be 
all the more probable if it be allowed that in the sarcoplasm the 
opposite katabolic and anabolic phases of its metabolism last longer 
than in the anisotropic substance, as it is the case with the duration of 
the excitation and the contraction, and have a more or less slow course 
in the various muscular tissues and in different species of animals. 
Therefore, in Bowditch’s “ Treppe” phenomenon the gradual heightening 
of the contractions appears to depend upon a corresponding increase of 
the katabolic processes, caused by the fact that the disintegrative effects 
of the external stimuli are added together inside the sarcoplasm. In 
this case the external stimulus is not strong enough to produce a 
contraction of the sarcoplasm, but has given the disintegrative chemical 
process intensity enough to bring on the contractions of the anisotropic 
substance. In fact, simply by increasing the force and frequency of the 
stimuli, the tonic contractions of the sarcoplasm will appear. 


Recapitulating, we believe that irritability and contractility of the 
sarcoplasm afford the explanation of all the phenomena of muscular 
physiology in which the addition of several excitations and the super- 
position of single contractions occur. 

The sarcoplasm in its tonic contraction supports the 
anisotropic substance in its quicker contractions. 

The movement of the sarcoplasm is shown in automatic muscular 
organs in its simplest and also most evident form of alternate contrac- 
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tions and expansions wholly independent of the movement of the 
anisotropic substance. We can thus make experiments with great 
ease on this less developed form of contractile substance which can 
be found in the comparatively highly developed tissues of higher 
organisms. 

In the muscular organs that possess no automation, the 
movement of the sarcoplasm is not quite so evident, but it 
aids and sustains the movement of the doubly-refractive sub- 
stance, which in this case is predominant. 

I am fully aware that this theory is in opposition to the opinion 
generally accepted that in the metabolism of muscular tissues the sarco- 
plasm only acts as a connection between the intercellular nutritive 
materials and the anisotropic substance, and that this alone is con- 
tractile. 

This opinion, though nearly universal is not so entirely ; for Bieder- 
mann relying chiefly upon the different forms of contraction which 
occur in ciliate infusoria, considers that the possibility of contraction 
of the sarcoplasma cannot be entirely disregarded, and Ktihne has 
gone so far in the contrary direction as to consider the sarcoplasm the 
only contractile substance, the fibrille being elastic. 


Oct. 19 1896. 
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ON THE DETERMINATION OF THE DIRECTION AND 
RATE OF MOVEMENT OF ORGANISMS BY LIGHT. 
By ©. B. DAVENPORT anp W.B. CANNON. (One Figure 
in Text.) | 


(Contributions from the Zoological Laboratory of the Museum of Com- 
parative Zoology at Harvard Oollege, E. L. Marx, Director, 
No. LXXIT.) 


LIGHT is an important morphogenic factor, and consequently a know- 
ledge of the laws of its action on protoplasm is necessary to an 
interpretation of many morphogenic processes. From this point of 
view we have investigated two mooted questions concerning the action 
of light. First, whether, in phototaxis, the movement of the organisms 
towards the source of light is primarily a movement in the direction of 
the light rays, or towards a region of increasing intensity of light. 
Secondly, whether the intensity of the light affects the rate of migration 
of the phototactic organism. 


Tae ORIENTATION OF ORGANISMS BY LIGHT. 
1. Statement o) Problem. 
_ Is the migration of organisms towards or from a source of light’ to 


be accounted for by differences in intensity of the light along the path 


taken, or by the direction of the incoming rays? It is admitted that 
such movement takes place, and that in such movement the organism 
first turns its head end towards the source of light. Those who account 
for migration towards light on the ground of unequal intensity, hold 
that the orientation of the body is secondary, resulting from the 
attempt to place the head in a brighter region than the tail. Those 
who account for orientation on the ground of direction of light believe 
that the position of the axis of the organism is primary and results 

1 This is a special case of migrations. We can imagine organisms moving into a 


brighter region without moving towards the source of light ; and some organisms doubt- 
less do so. This phenomenon we are not primarily concerned with in this paper. 
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from the different (chemical?) effects produced on the differentiated 
body, according as the rays impinge upon a pole or upon a flank of the 
organism. 

The second of these views has been generally accepted since 
Strasburger’s time. Strasburger (1878, p. 585) in experimenting 
on this matter used the following device. A hollow prismatic box was 
made of four glass plates; a base, 20 x 3°7 cm.; two triangular side 
pieces 20 cm. long and having an acute angle of 7'5°; and an end piece 
cemented vertically to the base and to the ends of the glass sides, 
37 cm. broad by 2°6 cm. high (Fig. 1, P). This box was filled with a 
very dilute solution of humic acid in ammonia, and was placed over a 
trough containing swarm spores of Botrydium and Bryopsis, uniformly 
distributed. When the rays of light were allowed to pass perpen- 
dicularly through the prism into the trough there was seen to be a 
perfect gradation in intensity of light from one end of the shadow of 
the dark fluid to the other. Nevertheless, the spores did not change 
in distribution—they remained scattered through the trough. The 
prismatic box was now removed and the light allowed to enter the 
water at an angle. Immediately the spores oriented themselves with 
reference to the source of light. With the light entering the water 
thus at an angle the prismatic box was again interposed and in such a 
way as to decrease the intensity of the illumination of the water in the 
direction of the source of light (Fig. 1). The positively phototactic 
Botrydium spores now moved again towards the source of light, 
although in doing so they were constantly entering a region of less 
intensity. Strasburger concludes from these experiments “that the 
infalling light (Lichteinfall) exerts a directive influence upon the swarm 
spores, so that they are more or less under the necessity of placing the 
long axis in the direction of the path of the ray.” 

A similar result was obtained by Loeb (1890, p. 32) with the larve 
of the moth, Porthesia chrysorrhea. Two test tubes, one of which 
was made opaque except for a light slit at the closed end while the 
other was left clear, were placed with their mouths together su as to 
make a closed chamber containing the larve. The darkened tube was 
placed towards the source of light, so that rays fell through ite axis. 
Although the clear chamber was evidently the brighter, the organisms 
moved into the darkened chamber, and thus towards the source of 
light. Again, a clear test tube, containing larve, was placed so that its 
closed end pointed towards the diffusely lighted window and a beam of 
sunlight was thrown perpendicularly to the tube near its other end. 
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The larve which were at first accumulated in the beam of sunlight 
moved in the direction of the rays which ran parallel to the axis, 
although in doing so they left the most intensely illuminated part of 
the tube. Loeb concludes “ that the direction of progressive movement 
of the larve of the Porthesia chrysorrhcea is determined by the direction 
of the rays of a source of light and not by the difference in intensity 
of the light at different points in space.” Thus critical experiments 
upon both unicellular and multicellular organisms seemed to prove, 
conclusively, that it is the direction only of light which determines 
orientation. 

Against this view, however, Oltmanns (1892, p. 195) offers certain 


new experiments. These experiments were made upon Volvox minor 


and V. globator, which were placed in a trough between which and the 
source of light a vertical screen was interposed. This screen formed 
one side of a wooden box and consisted of two glass plates making an 
angle of 2° with each other, the interspace being filled with a solution 
of Indian ink in gelatine. When the sunlight was let through this 
screen the individuals sorted themselves into two groups; the 
parthenogenetic individuals, which collected opposite the clearer part 
of the screen, and the female individuals, with fertilized eggs, which 
collected behind the darker parts of the screen, each group suiting 
itself to the light intensity to which it was attuned. From these facts, 
and from the change in position of the organisms when the intensity of 
light changed, Oltmanns concludes that it is variation of intensity that 
controls direction of locomotion. 

We have certain criticisms to offer upon Oltmanns’ methods. The 
trough in his experiments was placed either so that its long horizontal 
axis and that of the screen lay perpendicular to the sun’s azimuth (the 
elevation of the sun being 45°) or else the sun’s rays passed in a plane 
parallel to the screen, only diffusely illuminating it and the trough 
behind. It is to be observed that the apparatus and method of placing 
the light employed by Strasburger were in no wise reproduced by 
Oltmanns. The only cases mentioned in which light rays made a 
small angle with the axis of the trough or screen were some accidental 
ones in which the sun’s rays, set parallel to the screen, had gradually 
moved so as to make a small angle with the screen and to fall upon the 
trough. Under these conditions, “there occurred at once a diminution 
in the number of individuals in the brightest corner.” So far as the 
data go, there might well have been, in this case, a movement in the 
direction of the sun’s rays. 
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The experiments of Oltmanns seem thus inadequate to refute the 
careful observations of Strasburger and Loeb. They have, however, 
e been received by Verworn (1895, p. 438) in support of his general 

| proposition “that only the difference in intensity of illumination at 
different points of the body can produce a determining effect in the 
direction of migration, for when the stimulus acts from all sides in 
, equal intensity on the surface of the body, the basis for a definite 
; orientation of the axis is absent.” Verworn seems thus diametrically 
opposed to Strasburger, and it was this difference of opinion that we 

H wished to explain or harmonize. 

2. Method. 
ry The apparatus used will be understood from the accompanying 
(4 diagram ; 7’ is a glass trough, V-shaped in cross-section, 20 cm. long, 
1 cm. wide and 0°5 cm. deep, and painted dead black, inside and out. 
| P is a wedge-shaped box, having sides and end of wood and a glass 
| bottom ; it is 3 cm. wide, 3°5 cm. deep at its deepest end and 20 cm. 


long, having thus an acute angle of 10°. The trough contained the 
organisms employed in experimentation. The prismatic box, P, was 
nearly filled by an aqueous solution of India ink of uniform density 
throughout. JZ is a gas lamp having a Welsbach burner. The light 
* was $1 cm. above the table upon which the trough rested, 66°5 cm. 
ie from the farther end of the trough (to be known as A), and 51 cm. from 
; the nearer end, B. M represents the middle of the trough. The 
trough was protected by screens (of which one is shown at 8) from 
reflected light except on the end opposite the lamp and the side next 
the observer. 
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In the experiments Daphnia alone was used. After finding that, 
when introduced by a pipette at A, the Daphnias uniformly moved 
towards B, 1.e. towards the light, the prismatic box filled with the India 
ink solution was interposed, so that the deepest part stood next the 
lamp, and so that the shadow of the fluid completely covered the trough 
from A to B as shown in the drawing. This arrangement made 
the light beneath the box gradually diminish in intensity from A to B. 
Care was taken that no light came to the trough except through the 
box. After the apparatus was in place the Daphnia were dropped from 
@ pipette into the trough either at A or at M. After a fixed time, a set 
of five transverse partitions, about 3 cm. apart, was let into the trough 
by a simple device, thus holding the Daphnia in place, while, by aid of 
a stronger light, note was being made of their positions. 


3. Operations and Results. 
Daphnias were placed in the trough at A; and oheervattons taken in 
from 1 to 3 minutes, as indicated. 


Taste I. 
No. started Time No. at A. | No. at M| No. at B Remarks 
2 min. 2 
3 2 3 in A-half of trough. 
3 3 
2 ae 1 to B 
3 2 1, #toB 
2 1 1 
2 15 2 
1 1 
3 2 i 1 1 1 
3 2 1, 2 to B. 
3 2 1 l 1, to B. 
3 2 1, to B. 
4 2 to3,, l 3 
3 3 me 3 in A-half of trough. 
39 1 10 17 4 between Vand B. 
7 » Mand A. 


It will be seen that of the 39 individuals introduced, 21, or 54°/,, 
passed the middle; and 17, or 43°/, of the whole number, made the 
complete trip from A to B. 25°%/, had merely attained the middle 
region of the trough, and only 1 of all the 39 remained at the starting 
point. 
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It may be objected, however, that the only possible movement 
was towards B. To obviate this objection further experiments were 
made, introducing the Daphnias at the middle of the trough, with the 


following outcome. 
Taste II. 
No. at start- 
No. started Time ing point | No. at 4| No. at B Remarks 

3 1s min. 1 2 
3 1 ne 2 1 “ floater” near B. 
3 . 1 3 
3 Boe 2 1 lost, 
2 2 
2 2 
4 l 1 2, 2to 
4 1 2 l, 2 to B. 
4 . 2 2 “ floaters” at 1. 
4 3 1, £t B. 
3 15 2 1, +toB 
9 15 ,, 4 4 ” at M. 

2 5 1, B 
3 2 1 2 
2 1 l 1 

58 9 5 33 6 towards B 

3 neutral. 
1 lost. 
1 towards A 


a “to B” means towards B from 4 (not from M). 


58 were introduced ; 33 of these (57 °/,) went to B in intervals of 
one to two minutes. 6 more had moved towards B, so that in all 67 °/, 
had passed from a region of greater intensity to a region of less 
intensity, but in the direction of the incoming rays. Only 12 of the 58 
were found at the starting point and 3 of these were “ floaters,” i, they 
were prevented by a bubble of gas from getting into the water and 
consequently did not act normally. 

There remain 6 individuals, or about 10°/,, which moved towards A, 
which fact, in the presence of so many accidents of an internal and 
external nature, can hardly be regarded as militating against conclusions 
to be drawn from the other facts. 
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4. Conclusion. 


The results of our experiments show that Daphnias known to be 
positively phototactic will move nearly uniformly towards the source of 
light from a region of greater intensity of light into a region of less 
intensity along the path of the incoming ray. 

It may be objected, however, that the increasing intensity of light 
on approaching the lamp overcomes the decreasing intensity due to the 
deeper solution. To our eyes, however, the light reflected from a white 
card held under the prismatic box is seen gradually to diminish in 
intensity towards the lamp. 

Again, since the lamp is 51 cm. from the near end of the trough and 
66°5 cm. from the far end, it may be calculated that the difference of 
intensity at the two ends of a Daphnia 0°1 cm. long exposed to the 
unobstructed light will lie between 0°0027 and 0°0031 of the intensity 
at one end of the body, the intensity being inversely proportional to the 
square of the distance from the light. But the difference in intensity 
at the two ends of a Daphnia due to different thicknesses of the 
absorbing medium in the prismatic box will be, at the least (near B) 
00034 of the intensity at one end of a Daphnia 0°1 cm. long, and will 
increase from this limit to about 17°/,, near A*, Consequently, since 


1 The difference 3, in intensity of illumination of the two ends of a Daphnia at B in 


unobstructed light is given by the formula, = =~, in wh‘ch r is the distance from 
the light to the further end of the animal’s body, and r, the distance to the nearer end. 
Thus at B, r=51 om. Reducing, we get 8= "15", and since from the principle of a right- 


angled triangle r?=v* +h? (the sum of the squares of the Vertical and Horizontal com- 


ponents of r), we have by substitution and cancelling, 3=™—"-. Sine h,?=(b+0°1)°, 


we have by substitution and cancelling, 3=°""49O! when r=51, h=40°7, and 
2 = 2184 or coos. That is to say, the difference of intensity of the unobstructed light 


at the two ends of Daphnia would be 0-31 °/, of the intensity at one end. When r=66°5, 


11-812 
h=59-01, and 3= or 0°27 


The difference in strength of light at the two ends of the body due to unlike absorption 
is given by the formula 3='—", in which ¢ and ¢’ are the thicknesses of the absorbing 
medium traversed by the rays which strike the anterior and the posterior ends of the 
organism respectively. Since the light rays pass obliquely through the prismatic box the 
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the diminution in intensity due to increasing thickness of absorbing 
medium is always greater than the increase due to increasing proximity 
to light, there is clearly a residuum of diminished intensity in approach- 
ing the light ; and one is justified therefore in saying that the organisms 
move towards diminished intensity of light. 

From these observations we are led to the conclusion that the 
Oltmanns-Verworn theory that the determination of orientation is 
due to differences in intensity of light, is not the only one applicable to 
Daphnia but that the theory of Strasburger and Loeb, that the 
direction of the rays is directive, is true for this organism. We believe 
that the whole difference.of opinion has arisen from the failure to 
recognize two distinct kinds of response to light. The response to 
the direction of the rays of light, which may be called phototaxis, and 
the response to differences of intensity of the light, which may be 
conveniently distinguished by a term employed by Graber as photo- 
pathy. Loeb (1893) has himself recognized the existence of these two 
kinds of response. Daphnia may or may not be photopathic; it is 
phototactic. 


Il. THe RELATION BETWEEN INTENSITY OF LIGHT AND 
RAPIDITY OF MOVEMENT. 


1. Statement of Problem. 


Do positively phototactic organisms move more rapidly toward their 
optimum intensity of light than towards an intensity below the 
optimum? This question has an important bearing on the preceding ; 
for, if it is only the difference of intensity of rays on the opposite ends 
of the organism which determines its orientation, then we might expect 
a negative reply to this inquiry; for the proportional differences in 
intensity vary alone with the distances from the source of light and are 


computation of ¢t is rather complicated. We may avoid this difficulty and yet get the value 
of 3 approximately by assuming the rays to fall vertically through the box. Since the 
thickness of the absorbing medium increases 8 cm. in 20, it will increase 0-015 em. in 0°1 om., 


horizontal distance. At the deepest part of the box (8 cm.) this increment (3) is equal to 
oF 0°5 at the middle (1:5 om.) 3=1%/,; when the absorbing medium is only 


0°5 cm. deep, 3=8°/,. We have also carried through the lengthy calculati y to 


determine the increment under oblique rays and have gained these results: At B the 
increment corresponding to 0-1 cm. horizontal distance in the trough is 0-34°/,; at A it is 
17°),. Thus, diminution of light due to increased thickness of absorbing medium is 
always greater than the increment of light due to greater proximity to lamp. 
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independent of its absolute intensity. If, on the other hand, the rays 
of light serve directly to orient the animal, it may be expected that as 
their intensity varies the precision of orientation will vary also, and 
thus the time required to pass from one point to another will likewise 
vary. Some earlier observers have, indeed, believed that intensity does 
modify not rate but directness of locomotion. Thus Strasburger 
says (1878, p. 577): “ The rapidity of movement appears, on the other 
hand, as Ndgeli bas already said, not to be influenced by the light; 
since, however, the lines in which the swarm spores progress are 
straighter as the brightness increases, they attain the edge of the drop 
correspondingly earlier.” And likewise Loeb (1890, p. 109) concludes : 
“The intensity of the light is of account in the heliotropism of animals 
only in so far as heliotropic movements depend upon a certain intensity 
of light ; and as the orientation of the animal in the direction of the 
rays is the more precise as the intensity increases.” 

Since quantitative determinations on this subject are wanting, we 
do not yet know precisely whether, and to what extent, the rate of 
locomotion is influenced by intensity of light. It was to determine 
these points that we made additional experiments with Daphnia. 


2. Method. 


Daphnias were put into the trough, previously described, which was 
placed with its long axis in the plane of the infalling light rays. Lateral, 


diffused light was cut off by an enclosing second wooden trough with 


high lateral walls, upon which centimetres were marked off. The 
Welsbach burner was employed at a constant horizontal distance of 
about 50cm. Since the angle of the impinging ray was constant the 
horizontal (directive) component formed a constant proportion of the 
light. The light was used at various relative intensities (determined 
by a Bunsen photometer) but only results obtained from “full light” 
and “} light” (having intensities in the ratio of 4 to 1), which were the 
extreme intensities with which we worked, are given here. To avoid 
the necessity of finding photometrically the } light at each experiment, 
an index was attached to the gas cock and the angle of rotation 
necessary to give } light was determined once for all. The temperature 
of the water in the trough was determined directly by a thermometer, 
and remained in every set of experiments measurably constant. 

The Daphnias were introduced, one at a time, at A. The time was 
noted, first, when they passed a point 2 cm. from A, and again when 


i 
4 


LIGHT ON ORGANISMS. 7 31 


they were still 2 cm. distant from B. The difference was the time of a 
trip. 

The order of experimentation is important. First, full light was 
employed for a number of trips, then 4 light, then full light again in close 
succession. The same number of trips was made by the Daphnia in 
every light, the same individual being employed for all the trips. After 
this set of records another set was made upon a fresh individual, in the 
following order: } light, full light, 4 light. 


3. Operations and Results, 

We first give two tables showing how the records were made. The 
distance. traversed was 16 cm. The numbers indicate seconds consumed 
in the trip. One and the same Daphnia was used in all the experi- 
ments, 

The six trips in each column were made successively and the sets 
of six were made in the order of the numbers (1) to (6). 


Taste L II. 

(1) Full light | (2) light |(8) Fall light] (4) 3 light | (6) Full light | (6) 3 light 

50 75 35 35 27 48 

45 80 30 30 33 27 

50 45 29 45 27 30 

47 47 33 45 25 28 

55 50 33 35 26 25 

43 45 27 25 30 25 

Total 290 342 187 Total 215 168 183 
Mean 48 57 $1 Mean 36 28 30°5 


In fall light average time, 35-7. 
Ind 
Ratio of time in full light to time in } light, 87 : 100. 


Sixty trips, made alternately in the order 1, 2, 3, and 4, 5,6 of the 
preceding tables, but upon several individuals, gave for the time of one 
trip in full light, 21-4 secs. ; for the time in } light, 25°5 seca’ Ratio of 
time in full light to time in 4 light, 84 : 100. 

Quantitative determinations on the movements of the organisms 
under observation showed a marked difference in the way they started 
on their trip, after having been put into the trough. In full light there 
was no hesitation in starting off, but when the light was turned down, 
20—30 seconds were sometimes consumed before the Daphnia crossed 
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the 2 cm. mark on its way towards B. Even thereafter its course was 
more often hesitating than under full light. 


4. Conclusions. 

The quantitative observations may serve to indicate what other, 
quantitatively imperfect experiments also showed, that with a consider- 
able reduction of light there is a slight increase in the time of migration 
—with } light about 118°/, of the time with full light. Since there is 
no close relation between diminished intensity and the longer time 
required for migration, it seems more probable that this longer time is 
not the result of lower intensity, but that it is due to diminished pre- 
cision of orientation showing itself in hesitating movements. Since 
diminished light results in diminished precision of orientation, we con- 
clude, from the considerations already advanced, that light acts princi- 
cipally through the direction of its rays. 


Ill. Nore ON THE GRADUAL INCREASE IN THE RATE OF 
MOVEMENT IN SUCCESSIVE TRIPS. 


The tables on page 31 reveal another interesting phenomenon, which 
we have frequently observed ; namely, that the Daphnias respond more 
quickly and accurately to the light after having made several trips 
in it. Thus in the experiments with full light the time consumed in 
going 16 cm. was in succession, 48, 31 and 28 seconds. Likewise in 
} light the time consumed in going 16 cm. was successively 57, 36 
and 80°5 seconds. The cause of this constant result we must leave 
undetermined. 
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ON RECIPROCAL ACTION IN THE RETINA AS 
STUDIED BY MEANS OF SOME ROTATING DISCS. 
By C.8. SHERRINGTON, M.A., M.D. F.RS., Holt Professor of 


Physiology in University College, Liverpool. (Eight figures in text.) 


Preliminary 

‘*Flicker” dependent on areal 

Si s-contrast discs. 

** Flicker” dependent on temporal induction. 
Successive contrast discs. 


Section I. Jntroduction. 


Jou. MULLER described the elementary parts of the retina as being 
connected together by “reciprocal action'’.” The physiological result 
of application of a stimulus to any given point of a sensifacient 
surface is decided by not only the particular stimulus there and 
then incident but also by circumjacent and antecedent stimuli. That 
is to say—using the words “retinal point” to mean the retino-cerebral 
apparatus concerned with the elaboration of a light sensation in response 
to excitation of a single point of retinal surface—the excitability of the 
retinal point at any moment is partly the outcome of circumjacent, 
especially of immediately circumjacent, and of antecedent, especially of 
immediately antecedent, retinal events. The reciprocal relation between 
the degrees of excitability at points separated by an interval of space 
is evidenced by the phenomena of “simultaneous contrast”: the phe- 
nomena of “successive contrast” show the reciprocal relation across 
an interval of time. To Hering we owe especially important observa- 
tions on the subject. By him the reciprocal process influencing the 
excitability of retinal points across space or time is referred to as 
“ induction.” 

The experiments described in this paper attempt to examine 


1 Miller. Handbuch der Physiologie des Menschen (1837-1840). 
PH. 
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retinal “induction” by means of rotating discs, I am aware that in 
studying the subject thus by aid of moving chequered surfaces—that is, 
under intermittent excitation—time relations enter introducing com- 
plexity and preparing pitfalls for the observer. In the two well-known 
simultaneous contrast discs given by Helmholtz' the translation of 
surface is intended merely as a means towards the attainment of those 
smooth sensations—e.g. homogeneous greys—which offer such favourable 
fields for contrast. The rate of translation used is one ensuring perfect 


- fusion of the sectors. So also in those few of the beautiful series of 


contrast experiments by Hering in which use is made of the colour top’. 
Advantages however as well as drawbacks accrue to the employment of 
moving surfaces even at lower speeds. Some of the induction (reci- 
procity) effects then obtainable from rotating discs under comparatively 
simple conditions of production seem striking enough for me to venture 
the following description and discussion. 


Section II. Preliminary experiments. 


Rood? has recently re-introduced to notice a method of photometry 
advocated but not on very convincing grounds by Schafhautl* forty 
years ago. The method is based on Plateau’s* research, and proceeds 
on the well-known relation existing in light-sensations between their 
intensity and the rate of frequency of repetition required to fuse them. 
In order to obtain a steady sensation from a reflecting surface inter- 
mittently illuminated—the illumination being of moderate intensity— 
the frequency of intermittence required increases as the illumination is 
heightened, and diminishes as the illumination is lessened. Illumina- 
tion remaining the same, a disc half white, half black, must in order to 
give a steady grey sensation rotate more quickly than a disc half light- 


grey, half dark-grey. If the difference between the luminosity of the 


two grey halves be reduced the angular velocity necessary to excite 
homogeneous grey sensation is correspondingly diminished. When the 
difference between the greys is nil the uniform grey is obtained at zero 
of angular velocity, that is, without rotation. In all cases at frequencies 
of intermittence insufficient to produce uniform sensation but sufficient 
to confuse the limits of the individual stimuli the sensation has a 

1 Physiol. Optik. p. 411 and p. 413. Part II. 1860. 

2 Pfliiger’s Archiv, xu1. p. 1. 1887. 

3 American Journ. of Science, xuvt. p. 178. 1898. 

* Universal Vibrations-photometer: Akad. d. Wiss. Miinchen, vu. p. 465. 


> Dissert, ser quelques dee tmpréctions de. Lidge, 1829, 
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vibratory character, is of “flickering” quality. “Flicker” is not agree- 
able: the smooth perfectly steady sensation is perfectly agreeable; to 
pass from one to the other is a transition from painful to pleasurable: 
perhaps this explains the relative abruptness of our recognition of the 
transition. On this abruptness depends the delicacy of Rood’s flicker 
photometry, and on the constancy of relation between light-intensity 
and rate of intermittence needed to extinguish flicker. 

Fick’ has shown that a more intense light sensation developes 
more speedily than does a less intense. Exner’s* actual measure- 
ments found the time decrease nearly arithmetically with geometrical 
increase of luminosity of stimulus. Plateau* had noted that strong 
light-sensations suffer perceptible decrease more quickly than do weak— 
that is, had found his “duration of apparent constancy” more brief for 
the former; and Charpentier‘ has found the duration less for retinal 
points corresponding with the peripheral part than for those corre- 
sponding with the central part of the field of vision. According to 
Ferry’ “the persistence of the retinal image” varies inversely as the 
logarithm of the luminosity of stimulus. With these facts in mind the | 
delicacy of the flicker method led me to enquire whether “ flicker” may 
be applied with success to the examination of the influence exerted on 
the intensity of light-sensations by contrast both of place and time, that 
is, using Hering’s term “induction,” by areal and by temporal in- 
duction. 

At outset it is well to recall the fact that increase of rate of 
rotation needful to extinguish flicker accompanies increase of intensity 
of the intermittent stimuli up to only a certain pitch of intensity of 
stimulation. Beyond that pitch further increase of intensity diminishes 
the flickering of the resultant sensation even when the rate of rotation 
(frequency of intermittence) remains unincreased. This Bellarminow‘* 
points out, and I myself have seen from experiments carried out inde- 
pendently in my laboratory by Mr O. Griinbaum. I have therefore 
confined my observations to the wide and ordinary range of stimulation 
at which the experiments demonstrating Talbot's law are carried out. 

Again, before making use of rotating discs for contrast phenomena 
it is needful, as a control, to see whether differences of mere radial 


1 Arch, f. Anat. u. Physiol. 1868. 

2 Siteungsb. d. k. Akad. d. Wiss. Wien, 1868. Pfliiger’s Archiv, m. p. 214. 1870. 
® loc. cit. 4 Archives d’Ophthalmologie, 1890. 

5 American Journ. of Science, Oct. 1892. See also E. L. Nichols, ibid. Oct. 1884. 


* Archiv f. Ophthalmologic, xxxv. p. 25. 1889. 
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distance influence the results. Marbe’ and Schenk* (with Schmidt) 
have examined this point on discs with alternate equal black and white 
sectors. The former finds fusion rather more easy along ares further 
from than nearer to the centre of the disc; the latter that with 
increasing speed of rotation “flickering” persists longer in the peri- 
pheral zone than in the central, I examined the question myself at the 
very outset of the present research, less to investigate it minutely than 
to know whether the disputed difference is either way enough in 
| amount to disturb the results expected in my projected contrast ex- 
| periments. 
I looked into the influence of radial distance first by using two discs 
| 30 cm. diam. carrying 20 and 30 equal sectors respectively of alternate black 
| and white. These were spun in the horizontal plane. The lighting was by 


three equidistant approximately equal electric lamps. The disc was covered 
from the observer by a horizontal screen as close to it as the side illumination 
| would allow. Two round holes were cut in the screen, each 1 cent. diam. ; 
| these were 3—12 c. apart and could be set so as to lie along a radius of the 
: disc. The observer did not‘observe the two holes together, but turned the 
| eyes from one to the other, as the disc rotated beneath. It was easy to see 
| that the disc spinning with slowly increasing velocity the sectors of the disc 
as they moved past the two holes suffered confusion as to their borders earlier 
| at the hole nearer the periphery of the disc, where the linear velocity was 
greater, though the angular velocity the same of course as at the more 
central. At greater speeds when very marked at the central hole flicker was 
far less so at the peripheral ; finally as the speed increased further flicker, 
both to myself and to other observers, disappeared at the peripheral hole 
while still perceptible at the more central. But the difference between the 
extinction-speeds of the flickers at the two holes was not so great as the 
marked difference in amount of flicker in the holes at lower rates would have 
led one to anticipate. 

| With this arrangement of the experiment it was not easy to observe 
under any but low luminosity. A black disc 30 cm. diam. was therefore 
made with 16 sectors cut out in it equal in angular measurement to 
intervening sectors left. This disc was rotated in a vertical plane in front of 
u vertical ground-glass screen illuminated from behind by an oxygen-hydrogen 
limelight. A lantern condenser and lens were used to concentrate and 
equalise the illumination of the screen. The rotation of the disc was by a 
water motor or a clockwork. The observations were made through two 
) round holes as before. The same results as with the other arrangement were 


| 1 Wundt’s Philosophienstudien, x11. 280. 
® Pfliiger’s Archiv, uxtv. p. 165. 1896. 
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observed for low and medium illumination but with high light no difference 
in extinction-speed for the two holes was observable, and with very high light 
the flicker seemed to persist longer at the more peripheral than at the more 
central hole ; but the difference was slight. 


My results in this matter—as far as I have, in the above manner, 
studied it—agree with Marbe when the luminosity is low, with 
Schenk when the luminosity is high. To the question for which I 
particularly desired an answer I obtained the reply that in regard to 
the influence of radial distance upon “flicker” it is but small. Its 
value compared with the values of my contrast effects obtained later is 
quite insignificant, especially under moderate illuminations of the disc. 

Another excellent investigation by Schenk (and Schmidt)’ deals 
with “flicker” as influenced by the angular width of the sector. 
Filehne’ noticed that with discs of equal alternate black and white 
sectors the frequency of intermittence of stimulation is not in exact 
agreement when discs of many sectors are compared with discs of few 
sectors. The discs of many sectors have, to extinguish flicker, to rotate 
relatively faster than theory demands. Mere linear velocity seems to 
assist the fusion of the sector sensations. Schenk’s* examination of 
this phenomenon serves as a control in this respect for experiments 
brought forward in my communication. Fick* had suggested that 
unnoticed movements of the eyeballs may be responsible for Filehne’s 


phenomenon. Concordantly with that suggestion Schenk finds it very 


greatly reduced when the observations are carried on through a narrow 
slit cut radially to the disc in a screen covering the latter. 

From the above it was clear that in experiments dealing with 
comparison of speeds of rotation necessary to extinguish flicker in 
coucentric bands on a disc it would be well (1) to separate the bands 
radially not more than is absolutely necessary, (2) to carry out com- 
parison by alternate examination in the central field of vision the 
angular velocity of the bands remaining constant, (3) to observe by 
reflected light of low or moderate intensity, and (4) to keep equal not 
merely the total but the individual angular measurements of the sectors 
composing the concentric bands to be compared. 


Pfliiger’s Archiv, uxtv. 165. 1896. 
2 v. Graefe’s Archiv, xxx1. p. 20. 
3 loc. cit. * Cp. Schenk, loc. cit. 
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Section III. Flicker dependent on Areal Induction. 


At the basis of the phenomenon of simultaneous contrast lies, as 
Fechner’, Mach’, and Hering* may be said to have proved, a 
reciprocal physiological relation between units of the retino-cerebral 
apparatus such that activity of the apparatus connected with a point of 
retinal surface P affects the reactions of the apparatus belonging to the 
retinal area circu mjacent about P. This reciprocity, subconscious in 
origin, affects consciousness; it is a factor in the production of sensa- 
tions, and influences inferences dependent upon comparison of those 
sensations. So intrusive is it psychologically that Joh. Mtiller‘ and 
Helmholtz® treated it as wholly a product of processes of judgment, a 
doctrine ably controverted by Hering. 3 

It would be surprising if “simultaneous contrast” were the only 
indication of the physiological reciprocity between retinal areas. The 
principal phenomenon adduced in the present section cannot it seems to 
me be accurately described as an instance of actual “contrast,” but it is 
very closely allied to simultaneous contrast because like it based on 
areal induction. 

The following disc is prepared (Fig. 1). From an evenly tinted blue 
card such as is used for mounting sketches a circular disc 30 cm. diam. 
is cut. From its centre with radii of 7 cm. and 10cm. are inscribed 
circular bands each 12 mm. wide. The disc is then bisected by a line; 
on either side of which one of the ring-bands is painted black, in such a 
way that the black half of one ring-band lies in the opposite half-disc to 
the black of the other ring-band. The rest of one half of the disc is 
then coloured yellow (chrome), of the other half black. Thus two 
concentric ring-bands each 180° blue, 180° black lie upon a background 
half yellow, half black. The blue 180° of one ring-band lying on the 
black of the background, the blue 180° of the other ring-band lying on 
the yellow of the background (Fig. 1). This disc when rotating rapidly 
gives of course two steel-blue concentric bands upon a dull yellow 
ground. The point for decision is,—will extinction of flicker occur in the 
two ring-bands at the same speed of rotation, that is, at the same rate 
of frequency of intermittence of stimulation? If the minimal speed of 


1 Poggendorff Annal. xxxvu., xutv..&c, 1887, &c. 

2 Sitzungsb. d. kais. Akad. d. Wiss. Wien, 1866 &c. 

3 Sitzungsb. d. kais. Akad, d. Wiss. Wien, 1872 and later. 
* Physiologie, 1841. Bk. V., Sect. 1, Cap. 3. 

5 Physiol. Optik. p. 417. Part II. 1860. 
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rotation giving homogeneous sensation is higher for one band than for 
the other, areal induction (“contrast in place, simultaneous contrast ”) 
is influencing the bands in respect to their efficiency as physiological 
stimuli. Physically the light reflected, during any number of com- 


plete revolutions, from any point of the two ring-bands is exactly the 
same—if the blue card is of equal tint and the black paint of equal 
blackness. To see how far the choice of the card and paint had 
succeeded in securing this equality two tests were apphed. 

(1) Photograms were taken from the disc (several separate specimens of 
the disc were made and photographed) in rotation. No difference between 
the two bands was discernible in the photograms'. (2) When the disc is 
rotated at speeds sufficient to give homogeneous sensation the tint of the two 
ring-bands appears exactly the same. 


The disc when at rest gives an appearance of great difference 
between the blue-halves of the two ring-bands, that on the yellow back- 
ground appearing much more saturated than that on the black. If the 
apparent difference in saturation between the two is due to error in 


1 The photograms and the dises were demonstrated before the Physiological Society, 
~ November 14th of last year, op. Proc. Physiol. Soc. p. xviii. This Journal, vol. xx. 
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judgment based on perception of the relation of each blue to its back- 
ground that difference is hardly likely to persist if the two different 
backgrounds be fused to a single sensation. If on the other hand the 
difference in saturation is due to alteration in the excitability for white 
of the retino-cerebral apparatus in the parts corresponding with the two 
strips, then it may be expected that a higher rate of intermittence—a 
higher rate of rotation of the disc—will be required to fuse one black- 
blue couple than to fuse the other black-blue couple. As a fact it 
is found that in medium daylight 22 rotations per sec, extinguishes 
flicker in one ring-band, while the other requires 34 rotations per sec. 
A difference very great indeed as compared with any given by mere 
difference of the radial distances (7 cm. and 10cm.). The influence of 
radial difference was further completely controlled by making the con- 
trasted couple in some discs the further from the centre, in others the 
nearer to the centre, 

The greater rate of rotation required to fuse Bk’ Bi (Fig. 1) than to 
fuse Bl’ Bk tells us that the speed of development of the retino-cerebral 
reaction is higher in the case of stimulation by Bk’ Bi than of stimula- 
tion by Bl’ Bk, Inasmuch as speed of development of the retino-cerebral 
reaction increases with intensity of stimulus (Fick’, Exner’), the 
flicker phenomenon in ring-band Bk’ Bi allows us to say that Bk’ and Bl 
behave physiologically as if the difference of luminosity between them 
were much greater than between Bl’ and Bk, although we know the 
physical difference of luminosity between the components of each 
couple to be exactly the same. The difference of Bi from Bl’ is in the 
same direction as if Bl were, as compared with Bl’, under higher illumin- 
ation. By increasing the illumination of the disc the strip Bl’ (Fig. 1) 
can be made of approximately the same apparent tint as Bl under the 
illumination originally used. Then it is found that the speed of rotation 
necessary for giving unflickering sensation from Bl’ and Bk under the 
new illumination is greater than that. required under the original 
illumination. 

The unflickering sensation so produced is a lighter steel-grey than 
that produced by Bk Bl under the original illumination. But under a 
wide range of different illumination when the angular velocity is 
sufficient to give homogeneous sensations from both of the two ring- 
bands Bl’ Bk and Bl Bk’ the homogeneous sensation of steel-grey is in 
the two indistinguishably similar. Bl’s excess of physiological lumino- 


1 loc. cit. 3 loc, cit. 
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sity above Bl’s is therefore exactly counterbalanced by a deficit of 
physiological luminosity in Bk’ as.compared with Bk. In other words 
the increment of excitability for luminosity conferred at the locus of 
incidence of Bl is exactly counterbalanced by a decrement of excitability 
for luminosity at locus of incidence of Bk’. Stated by Hering’s assimi- 
lation-dissimilation theory - is as regards dissimilation as rd is as re- 
gards assimilation. It is interesting that this equality in the ratios is 
not obvious on appeal to judgment. Judgment based on comparison of 
the two blues Bl’ and Bil and of the two blacks Bk and Bk’ when the 
disc is stationary declares without hesitation that the difference between 
the blacks is much less than between the blues. Some observers fail to 
see any difference at all between the blacks, although they find a 
_ marked difference between the blues. Error of judgment thus, far from 
as in Helmholtz’s doctrine’, producing the contrast, actually mini- 
mises it. 

A similar instance of “ Urtheilstéuschung” acting in exactly the 
converse manner to that suggested by Helmholtz—and, in regard to 
the important degree to which “ Urtheilstt&iuschung” may affect observa- 
tion, thoroughly bearing him out—is the following. Some persons 
unaccustomed to examine visual contrast have at first difficulty in 
admitting that there is a difference between the strips Bl and Bl’ (Fig. 
1). They have been told at outset that the dise is prepared from a 
piece of evenly-tinted blue card and the unpainted even-blue back 
of the card has been shown to them, and they then on looking at the 
face of the disc frequently have told me that the two strips appear of 
quite equal tint in saturation and in every other respect. On rotating 
the disc before them they however like others point out without hesita- 
tion that one ring-band is “flickering” while the other is “steady.” 
This shows how in them the réle of judgment is exactly the converse to 
that allotted to it by Helmholtz in his theory of “simultaneous con- 
trast.” They are really subjected like other observers to very different 
excitations from Bl and Bl’; yet, in all good faith, after hearing that the 
two bands are made of the same piece of evenly-tinted card they assert 
that their sensations derived from the two are not unequal. Their 
judgment suppresses the actual inequality of their sensations, and does 
so without their desiring that it should. Their judgment warped by 
their previous knowledge leads them to ignore the simultaneous con- 
trast which is really taking effect in them—that it is really taking 


1 Physiol. Optik. 1860. 
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effect in them is proved by their acknowledging the actuality of areal 
reciprocity in themselves by acknowledging the “flicker” difference 
which is as patent to them as to others. The knowledge and idea 
of the physical equality of the bands acts in them much as does 
suggestion on a hypnotic subject. Because they know two things are 
the same they cannot see a difference between them. : 


I cannot myself believe satisfactory any explanation of “ flicker” that 
does not recognise the as it seems to me fundamental intimacy of connection 
between it and Talbot’s Law. A lucid theory for that Law has been 
advanced by Fick and to it.actual measurements by Exner have contributed. 
It is tempting to explain by so lucid a theory the flickering developed in this 
and following experiments. I will however merely say that if the oscillations 
of light sensations obeying Talbot’s Law suggest the linear reactions of 
extensile and elastic structures under brief applications and removals of a 
given force, or the volume reactions of a gas under a pressure subject to brief 
alternating equal increments and decrements, then the effect of areal induc- 
tion in the flicker experiment here under consideration is comparable with 
that of altering the temperature of the elastic material. As an analogous 
instance living muscle might be taken, inasmuch as it is a physiologically 
elastic body: alteration of its functional activity, eg. by warmth or by 
nervous action, influences its extensibility and elasticity. The analogy 
may assist toward a conception of the retinal change. One might further say 
that the change induced in the retino-cerebral apparatus is like that which 
we call increase of (or conversely loss of) ‘tonus’ in a skeletal muscle—in the 
latter case the essential situation of the change lies in certain spinal neurons. 
Like the ‘tonus’ of the spinal ueurons, which is under the influence of 
various spinal spatial relationships, the tonus of a retinal point is under the 
influence of various retinal spatial relationships ; alterations in the extensi- 
bility and elasticity of its own sensifactory apparatus delicately mirror the 
changes occurring in the tonus of the point, just as do muscle-fibres the 
changes in their spinal neuron. The solidarity of the spinal cord is great 
enough for its tonus at any one point to be a function of the whole spinal 
status—indeed of the condition of the entire nervous system—to be a 
function that is of the living of other spinal parts, especially of those adjoint 
to it, as well as of that of the individual part itself. The retina likewise 
functions as one entity and the tonus of a locus in it is dependent not on the 
state of that individual locus alone but on that of all others, but especially of 
adjoint retinal loci. Simultaneous contrast and areal induction flicker seem — 
two phenomena allied inasmuch as both rest on areal reciprocity. The local 
exaltation or depression effected by areal reciprocity in the retina may be 
likened to the local spinal exaltation and depression I have called attention 
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to in the locality of severed (or conversely excited) sensory spinal anes 
local hyperssthesia or diminished knee-jerk for criteria’. 


The disc, figure 1, is an example of various arrangements prepared 
upon the same principle and illustrating the same effect. It is natural to 
ask concerning the disc figured what becomes in it of the blue increment 
conferred on BI by the yellow field, The disc when whirled fast enough — 
to eliminate flicker gives the ring-band Bl’ Bk no bluer than Bl Bk’. This 
result is, it may be urged, favourable to the “ Urtheiltauschung ” theory 
of simultaneous contrast. I for my part do not at all deny to “judg- 
ment” a réle in many examples of simultaneous contrast. In Waller’s 
contrast experiment’ it certainly is active. I gave an instance above in 
which judgment indubitably diminished the influence on consciousness 
of the actual action in the retina of areal reciprocity: as it can diminish 
conscious effect of this action so most certainly can it also heighten it. 
But to explain the fact that the contrast effect upon Bl’ does not make 
the homogeneous steel-grey Bl’ Bk more blue than Bl Bk’ “ judgment” 
need not be invoked. The more likely explanation to me seems that 
the yellow field adds as much blue quality to Bk’ as to Bl’ although the 
increment is bestowed in a place where the conditions for its detection 
by direct appeal to consciousness are less favourable than at Bl’. 

The question whether “white-black value” alone or “colour-brightness 
value” with “ white-black value” (Hering) has to be reckoned with in 
flicker-photometry, has been recently treated by Schenk‘ In con- 
nection with that interesting work it is noteworthy that the replace- 
ment of yellow (chrome) in disc (figure 1) by white (chinese) does 
not appreciably increase the difference in flicker between the two 
ring-bands. 

Of various patterns of disc that can be used one of interest is that 
in fig. 2. It shows how little mere angular disposition matters to the 
net result. Ring-band Bk W’ flickers much more than ring-band Bk W. 
That direction of rotation affects the degree of flicker in the ring-bands 
in this disc is a matter which falls under consideration in Section V. of 
this paper with other similar facts there treated. The blue colour de- 
veloped in the ring-bands on whirling the disc slowly will be dealt with 
in another communication—it is allied of course to the phenomenon 


1 Philosoph. Transact. cuxxxiv. B. 1893. 

® Proceedings Roy. Soc. ut. p. 17, 1893. 

® Proc. Physiol. Soc. 1891, p. xliv. This Journal, xm. 
4 Pfliiger’s Archiv, uxtv. p. 607. 1896. 
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of Fechner’s disc—the so-called “artificial spectral top” of the toy 
shops. 


When it is desired to estimate the actual speed of rotation or degree of 
illumination at which flicker is just extinguished in the ring-bands of discs 
like fig. 1, it conduces to accuracy to introduce a yellow sector—30° is quite 
enough—.into the middle of the black half, and similarly a black sector into 
the middle of the yellow half. This somewhat reduces the difference in 
flicker between the two ring-bands, but it also greatly reduces the flicker in 
the dull yellow background, For that reason the flicker in the ring-bands is 
more accurately observable. The slightness of the effect upon the flicker of 
removing the 30° of reciprocal area from the arc depends greatly, as experi- 


ments given at the end of this paper prové, upon the area of removal being 
placed in the middle of the are, 


The relative difference between the angular speeds of rotation 
requisite to extinguish flicker in the ring-bands, eg. in the pair of 
ring-bands Bk’ Bl and Bk Bl’, fig. 1, is not the same under different 
illuminations. The difference between the rates of rotation required 
is greater in low lights than in moderately high lights. 

The above experiment proves a difference in excitability in the 
retinal apparatus to have been induced in the places of incidence of 
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stimuli Bl and Bl’, and that without permitting consciousness of any 
difference between the backgrounds, Consciousness of that difference 
is thus excluded altogether from the problem. This result quite 
supports Hering’s position as to “simultaneous contrast.” “Simul- 
taneous-contrast ” and “ reciprocity-flicker” are obviously related : both 
are properties of the same surfaces, e.g. the above discs. The view that 
the former arises in “judgment” clearly accords less with that natu- 
rally suggested by the foregoing examination of the latter than the view 
which considers contrast to be of subconscious physiological origin. 
But I hold that an “ areal induction flicker” experiment cannot directly 
contribute to a “simultaneous contrast” discussion. Accurate compari- 
son between the flickering colour from ring-band Bi Bk’ and the steady 
colour from ring-band Bl’ Bk is difficult, if not impossible, So long as a 
sensation is of markedly flickering quality its intermittence obscures 
its other qualities, “Flickering” quality has a resemblance to painful 
quality in this respect. I find by experiment it is difficult to judge even 
roughly of relative amounts of black and white in two discs or two 
zones of one disc so long as the rotation is too slow to extinguish flicker 
and to give homogeneous sensations. Advantage is taken of this fact in 
the following experiment, which attempts to deal with “simultaneous 
contrast” itself. 


Section IV. Simultaneous-contrast Discs. 


Let a disc, fig. 3, be of light grey tint. For a width around its 
centre of rather more than half the radius cover it with black through 
105°. Let the rest of the width of the disc «xcept three or four milli- 
meters next to the already blackened zone be blackened for 125°. On 
whirling the disc at a speed insufficient. to perfectly fuse the grey and 
black sectors it is, for most people, a very difficult thing to detect which 
is the darker, the outer or inner flickering grey field; the two fields are 
to all observers almost exactly alike, to many quite alike. Add to each 
of these concentric fields 90° of yellow (naples) except along the con- 
centric arc-bands g’ g”, which remain grey. The flickering is increased 
and the difficulty of distinguishing between the depths of the yellowish 
greys is as great as it was between the purer greys so long as the speed 
of rotation is not sufficient to give perfect fusion of the sectors. Add 
now to the concentric band possessing 105° black a short are of black. 
Add it in such a way that the are juts from the even radial grey arc- 
band g jutting 20° into the inner of the concentric in the peripheral 
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part of the inner concentric field not quite close to the junction of the 
inner and outer fields, Whirl the disc, preferably in the direction that 
black follows yellow and precedes grey. Two deep grey ring-bands on 


a circular yellowish grey field then are seen, and at speeds just sufficient 
to secure flickering sensation the inner of the two ring-bands appears 
considerably the darker, and both appear on a slightly flickering but 
otherwise equally tinted field. The darkening effect induced on the 
black arc by the yellow adjacent to it in virtue of areal reciprocity 


makes the inner ring-band appear darker than outer, although the 


proportion of black to grey is equal in the two, That this simultaneous 
contrast effect persists when. the difference between the backgrounds of 
the two black components bas been dismissed from consciousness by 
whirling fast enough to completely confuse throughout to fuse the 
backgrounds proves consciousness of the backgrounds to be unessential 
for the simultaneous contrast. If the strips be observed through two 
holes in a screen, each hole not wider than the width of the strip, the 
appearance of the two strips and ring-bands is, when the top is whirled, 
alike. Radial distance makes no obvious difference to the effect, the 
contrasted band has as much effect when the outer as when the inner 
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of the pair. The narrow untinted ring dividing the dull yellow field 
into peripheral and central portions conduces greatly to the contrast 
result, by rendering the comparison between the depth of tint of the two 
backgrounds less easy and less accurate. At speeds sufficient to give 
complete fusion of the sectors in the backgrounds, the two concentric 
zones of dull yellow can be detected to be of different degrees of dulness, 
and the darker appearance of the deep grey ring-band is then no doubt 
chiefly due to simultaneous contrast, based on the obviously lighter 
colour of its background. The interest of the experiment lies in the 
effect produced at those lower rates of rotation when the sectors 
composing the two grey bands are in each completely fused, and 
the backgrounds although not completely fused are confused more 
than sufficiently to render any consciousness of their dissimilarity 
or difference of their relation to the two strips altogether out of 
question. 


Secrion V. Flicker dependent on temporal induction. 


Areal induction as was shown above takes effect even when by 
translation of a surface the knowledge of the actual relationship of a 
small area of it to the rest as background is not allowed to enter, or has 
been dismissed from consciousness. The areal induction can be employed 
as an adjunct to raise or lower the efficiency of a stimulus at appro- 
priate moments of a sequence in time. In this way it can assist 
investigation of the influence of temporal (successive) induction upon 
“ flicker.” With the discs now to be described, temporal induction can 
be shown to very considerably determine degree of “ flicker.” 3 

Let a paper disc, thirty centimeters diameter, and half black, half 
white, have upon it two 40° black ares, which jut from the black into 
the white half and at the opposite radius two exactly counterpart 40° 
white arcs which jut into the black half. These pairs are so placed 
(fig. 4) as to compensate one for other, so that throughout the entire 
disc the angular values of black and white are equal. According to the 
rules of flicker-photometry the illumination of the disc being everywhere 
equal, and the angular measures of the sectors equal (180° everywhere), 
flicker should disappear from the whole surface of the disc at the same 
minimal speed. The angular velocity which just suffices to extinguish 
flicker and give homogeneous grey sensation should be the same for all 
parts of the disc. Experiment shows, however, that this is not the case. 
When the direction of rotation is opposite to that of a clock hand, the 
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ring-bands corresponding with the two white notches flicker at speeds 
much higher than suffice to extinguish flicker elsewhere in the disc. 
The black of the black teeth and the white of the white notches are 


intensified by areal reciprocity. To produce homogeneous grey from 


this, the blackest black and the whitest white in the disc, a more 
frequent intermittence and repetition are required than for the black 
and white elsewhere. The “simultaneous contrast” effect in the black 
and white teeth and notches is not so obvious, thongh the difference in 
flicker value is very great indeed; this is in accordance with the fact 
that simultaneous contrast is not very consciously developed on strong 
black and white surfaces. 

On whirling the disc in the same direction as a clock hand, flicker 
persists longest in the ring-band corresponding with the white space 
between the two black teeth and with the black tooth between the 
two white notches, The flickering of the ring-bands is therefore 
affected by the direction of rotation of the disc. It will be remembered 
that direction of rotation also affected the degree of flicker in the 
ring-band in the disc, fig. 2, vide swpra. So does it also in that described 


_ in Section IV. vide supra. The explanation of this influence exerted 


by the mere direction of the rotation seems to me as follows. 
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The action of the areal induction (reciprocity) is mutual. White next 
to black intensifies the black and is intensified by the black. Suppose 
that quantity of surface influences the degree of action in such a way 
that the reaction between two juxtaposed surfaces is proportioned to 
the relation between their quantities of area. If the effect of the 
greater surface upon the smaller is per unit of surface greater than the 
effect of the smaller upon the larger, then the intensification of the 
white of the white notches in the black will per unit of surface be 
greater than the intensification of the adjoining black. Exactly the 
converse will be the effect with the black teeth and the white field 
surrounding them, the teeth will per unit of surface be intensified 
more than the white field. Take now the disc, Fig. 5, when whirled in 
the direction of a clock hand, the ring-band corresponding with the 


Fig. 


tooth and notch flickers at higher speeds than does the disc elsewhere. 
Whirled in the reverse direction the flicker in the ring-band is not 
greater or hardly greater than in the disc elsewhere. The experiment 
shows that persistance of flickering sensation is greater when in the 
rotation of the ring-band the passage is from ordinary white to intensi- 
fied black, and from ordinary black to intensified white, than when the 
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sequence is in this disc from intensified black to ordinary white, and 
from intensified white to ordinary black. When the spin gives upon a 
retinal point the latter sequence the intensified black follows a previous 
stimulation by unintensified black,—lasting in the example, disc fig. 5, 
for four-ninths of the period of the disc. Similarly the intensified white 
then follows a similar period of unintensified white. The retinal ex- 
citability for black is presumably falling throughout the continuance 
of the stimulation by black, therefore the effect of the intensified black 
will be less, when it succeeds a period of stimulation by black than 
when it succeeds a period of stimulation by white, the more so in that 
throughout the latter period the excitability of the retina for black is 
waxing and not merely not waning. 

This argument is supported by the effect of whirling a disc prepared 
as in Fig. 6. This disc is arranged so that areal induction, although 
strongly present, is so distributed as to neutralize itself, and at the same 
time does not allow play of a second factor that will be dealt with 


in the paragraph next after the present. On rotating the disc in the 
direction of clock hands, the inner of the ring-bands—that corresponding 
in Fig. 6 with the pair of smaller black and white circles—is lighter 
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grey and flickers more than the outer ring-band. Rotation in the 
opposite sense makes the outer ring-band lighter grey than the inner. 
The effect of the round white spot predominates or not over that of the 
round black spot according as the stimulation by the spot succeeds a 
longer or shorter period of exposure of the black sector. 

Another circumstance is coadjutant to the same end in discs such 
as Figs. 4 and 5. Areal reciprocity, other things being equal, varies 
inversely with the distance of retinal separation of the reciprocal loci. 
This relation which in its broad features is obvious enough, has been 
established in detailed fashion by Mach’s papers’. In the black tooth 
and in the white notch (Fig. 5) intensification by reciprocity between each 
and its surrounding field, although effective all over the tooth and all 
over the notch is maximal only at the free end of each. Followed from 
attached base to free end in each, the intensification gradually increases 
and culminates at the terminal border. The application of the stimulus, 
the blow, or if preferred as regards black, the decrement of stimulus, is 
more abrupt when the incidence of notch and tooth upon a retinal point 
begins with the free end of either. That its peculiarly high physiological 
efficiency is largely due to mere abruptness of impact is borne out by 
the fact, which I have found by actual experiment, that the mere 
angular length of the tooth or notch makes little difference, ceteris 
paribus, to the amount of flicker produced. 

The physiological intensity of the alternate stimuli in the two 
sequences can be approximately figured as in the accompanying scheme, 
Fig. 7. In it the line VG represents a neutral grey; times are indi- 
cated by abscisse along NG. The white stimuli are expressed by 
ordinates on the W side of NG, the black by ordinates on the B side 
of NG. The length of the ordinates from NG is intended to be pro- 
portionate to the intensity of the stimuli, or if black be considered not 
a stimulus, the approach toward physiological saturation of the black is 
represented by the length of the ordinates below NG. The sequence 
indicated by the dotted line presents more abrupt changes in stimulation 
than that indicated by the unbroken line. The broken line indicates 
the sequence upon a retinal point when the disc Fig. 5 is rotated in 
the same direction as a clock hand; or in the disc Fig. 4 as regards its 
outermost ring-band when the disc moves against clock hand direction. 
The retinal point—always using that expression in the wide sense stipu- 
lated at outset—is more. affected by a tap than by a push, even 


1 Sitz. d. kais. Akad. Wien, loc. cit. 
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although there be as much energy kinetic in the latter as in the former. 


Reciprocity in time (successive contrast) is here added to areal reci- 
procity (simultaneous contrast). 


— 


WHITE SECTOR 


Fig.7 


I have found the best pattern of disc on which to demonstrate this 
effect to be that shown in Fig. 8. The ratio of the angular measure 


of the total white to the total black is the same at every radial dist- 


ance from the centre. By subdividing the black sector contributing to 
the grey of the background against which the three ring-bands lie 
the flicker in their background is made to disappear at a speed of 
rotation much below that necessary for extinction of flicker in any of 
the ring-bands. This renders easier the observation of ‘flicker’ in the 
ring-bands themselves. When the disc spins in the direction of a clock 
hand flicker persists longest in the middle ring-band of the three, 
that corresponding with the isolated white notch. When rotation is 
reversed, flicker persists longest in the ring-bands corresponding with 
the double white notches, If the ring-bands are watched through holes 
in a screen in such a way that not more than the full width of the 
ring-band is visible the differences in flickering quality disappear from 
them. 

An interesting simplification of this (Fig. 8) disc is made by omitting 
the outer or inner fellow of the double white notch and correspondingly 
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narrowing the black arc connecting the two black sectors. The ring-bands 
thus are reduced from three to two. The disc then appears bilaterally 
symmetrical, but nevertheless displays great difference in ‘flicker’ according 
to the sense of rotation. 


The difference between the rates of rotation requisite to extinguish 
flicker in the two opposite directions is surprisingly great, for instance 
under good illumination 35 revolutions per second as against 51 revolu- 
tions required for the opposite direction. Of course at still higher 
speeds flicker is extinguished in the whole surface of the disc and then 
the grey becomes uniform everywhere. 


SecTion VI. Successive-contrast Discs. 


It was pointed out above in Section V. that when the disc Fig. 6 is 
whirled in the direction of clock hands, the ring-band corresponding with 
the more peripheral pair of black and white circular spots appears of 
darker grey than that corresponding with the pair lying more centrally. 
This description of course applies only to the appearance of the disc 
when whirled at no very high rotation-rates. The same effect is even 
more strikingly obtained when, instead of round spots, short bands along 
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arcs are used. I make the arc-bands of equal width as measured radially 
on the disc, and each of 15° angular measure. The adjacent edges of 
these arcs I place each 10° distant from the diameter at which the 
white and black halves of the disc meet. Of the arc-bands the two 
which lie imbedded in the black may if desired be coloured, ¢.g. red, 
instead of remaining white. The resultant reddish grey should be 
quite similar in the two-ring-bands, It is so when the disc is whirled 
at high velocity. But the effect obtained on whirling more slowly in 
the direction of clock-hand movement is that of an outer chocolate- 
mauve ring-band and of an inner salmon-pink ring-band, both on a 
grey black ground. On reversing the direction of spin of the disc the 
outer ring-band becomes salmon-pink, the inner mauve. If the white 
arcs are left uncoloured, outer ring-band and imner ring-band are 


respectively lighter grey and darker grey than the medium grey 


background, depending as above explained on the direction of the 
rotation. The short black arc appears darker in virtue of successive- 
contrast when it follows white than when it follows black, and 
the short white are (or short vermilion arc) analogously appears in 
virtue of successive-contrast lighter when it succeeds black than when 
it succeeds white. The areal induction is so arranged as to affect the 
two ring-bands equally in whichever direction rotation occurs. 

At high speeds of rotation the distinction between the ring-bands 
is lost. It is obvious that it must be. It is remarkable that for this 
perceptible action of successive-contrast so short a time is necessary. 
It is still detectable when the disc rotates 18 times per second, leaving 
less than ,1,” of time for its production. No doubt the amount of its 
action in this short period would be less appreciable than in this 
experiment it is, were not the disc playing the part of, so to say, a 
circular rheotome and summing up the values of repeated small 
quantities, 


It is a pleasure to me to have this opportunity of thanking 
Dr W. H. R. Rivers, of Cambridge, for criticism very valuable to me 
especially as regards the scope of Talbot’s law. To Mr O. Griinbaum 
I am indebted for carrying out some measurements of the exact speeds 
required under certain conditions to extinguish flicker in various of the 
discs, 
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INGESTION AND EXCRETION OF IRON IN HEALTH’. 
By RALPH STOCKMAN, MD., F.RCP.E, anp ED. W. 
GREIG, MB. (Edin). 


(From the Laboratory of the Royal College of Physicians of Edinburgh.) 


IN a previous paper*® one of us showed that the quantity of metallic 
iron in ordinary dietaries seldom exceeded 10 milligrams per day, 
and might be as low as 6 milligrams in people of ordinary appetite 
and digestion. It was inferred from these results that the iron- 
metabolism of the body must be very small, and that while the pigment 
of disintegrated red blood corpuscles is excreted, in part at least, as the 
colouring matter of bile and urine, their iron is carefully retained in 
the body for future use. A more systematic series of observations has 
now enabled us to confirm these opinions and to obtain an accurate record 
of the amounts of iron taken in the food and excreted in the urine and 
faces from day to day. 

Four series of observations have been made on three persons with 
healthy digestions and enjoying fair average health. In order to have 
the intake of iron as unvarying as possible, they were put on a fixed 
diet for eight or ten days, and on the last three days the total urine 
and feces were kept, and the amount of iron present in them deter- 
mined. The diets and excreta were first thoroughly dried, and then 
carefully ashed, the iron of the ash being extracted and estimated as 
in the previous research already referred to. The food used in each 
observation was all bought at one time and the perishable articles kept 
in a refrigerator, so that each day’s diet might be as uniform as possible. 
The articles composing the diet were selected largely on account of 
their comparatively unvarying composition, but these diets were found 
to contain less iron than an ordinary full mixed dietary does. 


1 Towards the expenses of this research a grant was made by the British Medical 
Association on the recommendation of the Scientific Grants Committee of the Association. 
This Journal, xvimt. 484, 1895. 
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Oxnszrvation I. Man, 20 years old. 


Dietary. 
Minced collops . 240 g. Sugar 40 g. 
Biscuits (sweet & plain) 200 ,, Sat. Salt solution 20 c.c. 
Oatmeal 80 ” Milk 1000 ” 
Rice _ 30,, Water 1500 ,, 
Butter 30 ,, Tea tabloids 6 
The mince contained 3°4 milligms. Fe. 
Rest of diet _,, 2°8 
Total Fe in diet eee 
Day of Diet Mgmas. Fe in Feces Mgms. Fe in Urine 
6 3°5 10 
7 6°6 
8 5:1 16 
Average per day 5°06 1-26 
OsservaTion II. Man, 35. On same diet. 
Day of Diet Mgms. Fe in Feces Mgmas. Fe in Urine 
6 88 1-1 
100 1-4 
8 1-2 
Average per day 77 1-23 


OsservaTion III This was made on same man as Obs. I. The diet 

was the same, but consisted of different samples. 
The mince contained 3°8 milligms. Fe. 
Rest of diet _,, 18 A 
Total Fe in diet 56 ti, 

Although he was on the same diet as before, the bulk of the feces was 
about double what it had been on the three corresponding days of the pre- 
ceding experiment. The iron excreted by the bowel was also very much 
greater, that of the urine was less. 


Day of Diet Mgms. Fe in Feces Mgms. Fe in Urine 
6 13°7 0°7 
7 9-1 0-7 
8 98 0°6 
Average perday 066 


OxsERVATION IV. Woman, 23 years old. She ate very much less than 
the men, and her bowels moved only every second day. 
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Minced collops 90 g. Sugar 30 g. 
Biscuits 130 ,, Milk 850 c.c. 
Oatmeal 40 ,, Water 1200 ,, 
Butter 40 ,, Salt solution 10 ,, 
Rice 23 ,, Tea tabloids 6 
Total Fe in this diet = 3°5 milligms. 
Day of Diet Mgms. Fe in Faces Mgms. Fe in Urine 
6 6-1 0-7 
8 75 0:7 
10 4°7 0-8 
Average per day 30 0-73 


In Obs. I. the intake and output of iron almost exactly coincide, 
the former being 6-2 milligrams and the latter averaging 6°3 milligrams 
per day, while in Obs, IV. they are 3°5 and 3°7 milligrams respectively. 
In the others the amount of iron excreted on the three days of the 
analysis was considerably greater than the amount ingested, but at 
other times the balance must be reversed, or the equilibrium of health 
would not be maintained. 

It is now known definitely that iron is excreted from the blood 
chiefly by the intestinal mucous membrane, only minimal amounts 
being present in the bile and urine, but our present methods of inves- 
tigation do not permit us to say how much of the iron of the feces 
has been excreted in this way, and how much of it, after having been 
taken in our food, has never left the alimentary canal. That the 
absorption and excretion must undergo considerable variations is shown 
by comparing the results of Obs. I. and III., which were made on 
the same man on practically the same diet, but we are quite unable 
to determine how much of the excreted iron had been actually in 
combination with the body tissues. We may claim, however, to have 
demonstrated that the iron-metabolism of the human body is extremely 
small, so far as concerns the intake and output. Of what may be 
called the internal iron-metabolism, namely, the interchange between 
the blood corpuscles, bone-marrow, liver, spleen and other iron-contain- 
ing tissues, we know almost nothing. If the red corpuscles are broken 
down in such large numbers as is commonly supposed, the interchange 
of iron between them and the hematopoietic organs must be consider- 
able, but we have no exact data to guide us in forming an estimate 
of this. Very little of this iron, however, seems to be excreted, the 
greater part being retained in the liver, where it is stored and may thus 
be used over again as occasion requires, 


The dietary consisted of : 
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ON THE MODE OF ABSORPTION OF FATS. By B. 
MOORE anp D. P. ROCK WOOD. 3 


(From the Physiological Laboratory of University College, London.) 


A. Solubility of the fatty acids and miatures of these in bile at the 
temperature of the body. 

STRECKER' in 1848 in speaking of the difficulties attending the pre- 

paration of taurocholic acid in a state of purity incidentally mentions 

that it possesses the remarkable property, amongst others, of dissolving 

fats, fatty acids and cholesterin in considerable quantity. Strecker 


did not pursue the subject further, nor determine the amount of any of 


these substances dissolved by the bile acid, and was moreover in error in 
supposing that the neutral fats are dissolved in considerable quantity. 
In 1858, W. Marcet’® made a communication to the Royal Society 
containing two important experimental gesults, which were briefly as 
follows. First, that alkaline phosphate of sodium when heated with 
pure stearic and margaric acids produced a perfect emulsion resembling 
milk, from which on cooling a substance solidified, consisting of fatty 
acids with more or less soda, soap, and a small quantity of phosphate of 
sodium. Neutral fats under like conditions did not yield an emulsion 
even when warm, but the minutely divided globules of fat formed when 
the mixture was strongly shaken rose to the surface, uniting with each 
other and solidified on cooling, the fluid remaining perfectly clear. 
Secondly, that on heating and agitating gently a mixture of fresh sheep's 
bile and fatty acids (margaric, stearic, and oleic), prepared from sheep's 
fat, as soon as the latter had begun fusing it disappeared and 
finally the whole of the fatty acid was dissolved. As soon as the 
mixture had been allowed to become colder than the temperature of 
fusion of the fatty acids it assumed a turbid appearance throughout, 
which gradually increased, the fluid becoming white and milky, slightly 


1 Liebig’s Annalen der Chemie u. Pharm, uxv. p. 29. 1848. 
* Proc, Roy. Soc. London, rx. p. 306. 1858. 
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coloured by the bile; finally, if the fatty acid present was in sufficient 
proportion, the whole mass was converted into a semi-fluid paste, 
possessed of a light green colour, and adhering so strongly to the sides 
of the vessel that it could be turned upside down without letting out its 
contents. This physical action of the bile on fatty acids is accompanied 
by a chemical decomposition, for the bile, which was neutral or slightly 
alkaline before the experiment, had become strongly acid after being 
treated with the fatty acid. In the case of neutral fats no emulsion or 
solution in bile could be obtained. 

The important bearing of these facts on the question of fat absorp- 
tion was not at that time understood and they became completely 
forgotten. The emulsibility of the free fatty acids was rediscovered 
long afterwards by Salkowski and Munk’; while the other observation 
concerning the ready solubility of the free fatty acids in bile when 
heated above their melting point has not even yet attracted that attention 
which it deserves. Neither has the extent to which fatty acids are soluble 
in bile been determined, nor the effect of temperature on that solubility 
been studied. 

The value of such a study has become increased in recent times by 
the changes in current opinion as to the form in which fats are absorbed 
by the intestinal epithelial cells. 

At the time of Marcet’s discoveries the theory of Bernard and 
Briicke, that a small portion of the fat was converted into fatty acid 
and glycerine and served to emulsify the remainder, which then entered 
the cells as such, was universally accepted. 

Since then the view that fats are absorbed unchanged chemically in 
the form of an emulsion has been discarded by many observers. In the 
first place, no one has been able to observe a passage of fat globules 
through the striated border into the epithelial cell, It was also found 
that alkaline soaps were absorbed from the intestine’, and that a 
mixture of alkaline soap and glycerine could be absorbed and synthe- 
sized back to neutral fats, the lacteals showing the usual appearance to 
be observed after a fatty meal and microscopic fat globules of varying 
size being present in the epithelial cells. Munk‘ and Will® next 


1 Arch, f. Anat, u. Physiol. p. 871, 1879; I. Munk, Virehow’s Arch. Lxxx. p. 10, 1880 ; 
xcv, p. 409, 1884. 

? Radziejewski. Virchow's Arch. xxi, p. 271, 1868; ivr. p. 211, 1872. 

8 Perewoznikoff. Centrald. f. d. med. Wissenschaften, p. 851. 1876. 

4 Sitzwng. der Berl. Physiol. Gesellsch. April, 1879, published in Du Bois Reymond’s 
Arch, p. 871. 1879. 

5 Pfliiger’s Arch. xx. p. 255, 1879. 
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independently showed that free fatty acids with or without glycerine 
were capable of intestinal absorption, and while Munk chemically 
proved the important fact that after absorption and before reaching the 
thoracic duct these were in great part synthesized to neutral fat, Will 
showed that the microscopic appearance in the cells of the villi was 
identical with that seen during ordinary fat absorption, and also that as 
such a result is obtained in the frog during absorption of pure palmitic 
acid which only melts at 62°C., the absorption cannot take place as an 
emulsion since the palmitic acid would only become emulsified above 
its melting point. Will argued that the free fatty acids are absorbed 
in soluble form as soap, while Munk believes that the free fatty acids 
are absorbed as an emulsion, supporting his view by a consideration of 
the large amount of alkali which would be required to provide for the 
absorption of all the fatty acids in the form of soap. 

From observations of microscopic preparations by Krehl' Altmann’ 
was also led to the conclusion that the fats are not absorbed as emul- 
sions, but in a soluble form. These preparations were obtained from 
animals killed at varying times after feeding on fat (olive oil or cream), 
and showed a gradual increase in the size of the globules with the 
advancement of the period of absorption, also it was observed that in 
the earlier stages the small fat globules showed a clear centre sur- 
rounded by a dark black ring. From these appearances it was judged 
that the formation was a gradual one from solution and not from drops 
of fat emulsion. In considering the form in which the fats are absorbed 


in solution, Altmann rejects the idea that the fats are absorbed as 


soaps, chiefly on the ground that the reaction in the small intestine of 
the dog is acid* and hence cannot contain dissolved soap, and that from 
a portion with such an acid reaction and containing a clear fluid the 
charged lacteals are seen to be conveying away absorbed fat‘. He 
recalls the observation of Strecker mentioned at the commencement 
of this communication, as well as that of Latschinoff*, that taurocholic 
acid forms a soluble compound with stearic and palmitic acids, and that 


1 Arch. f. Anat. u. Physiol. 1890 (Anat. Abth, p. 97). 

2 Ibid. 1889 (Anat. Abth.) Supp. Band, p. 86. 

3 We shall point out later that in the rat’s intestine during fat absorption the reaction 
is alkaline to litmus paper from pylorus to cecum, and that in the dog the acid reaction 
when present is due to fatty acid, and hence does not exclude the presence of dissolved 
soap. 

* Observation of Il. Munk, Virchow’s Arch. Lxxx. p. 82; xcv. p. 574, quoted by Altmann, 
loc. cit. 

5 Berichte d. deut. Chem. Gesellschaft Jahrgang, x11. p. 1911. 1880. 
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of Ktihne’, that bile dissolves and saponifies the fatty acid, and also 
adds an experiment of his own in which he takes a 10 per cent. solution 
of sodium taurocholate in water, and adds a considerable but not too 
great quantity of a “commercial fluid glycerine soap” and then excess 
of hydrochloric acid. This does not cause any precipitation of either 
fatty or bile acid. Altmann argues from these observations and the 
discovery of Munk’, that the intestinal contents of the dog during fat 
absorption may contain as much as 12°/, of free fatty acids, that the 
free fatty acids are dissolved in the intestine by the bile acids. As the 
fatty acids so dissolved are absorbed fresh amounts of the neutral fats 
are decomposed and the free fatty acids so formed pass into solution to 
replace those removed by absorption, so that there is a cyclic decomposi- 
tion of fat, solution of fatty acid in the bile salts present, and absorption 
of this fatty acid by the intestinal cell. In the absence of the bile that 
portion of fat still absorbed is according to Altmann probably taken up 
as soap, formed by the action of the alkali of the intestine on the free 
fatty acid, although it is, he adds, not impossible that other secretions of 
the intestinal canal possess similar solvent actions on the fatty acids in 
a less marked degree. 

The above is, as far as we are aware, a full statement of what is 
at present known concerning the solubility of the free acids of the fats 
in bile or in bile constituents; the experiments are all purely quali- 
tative in character and give no information as to how much fatty 
acid is soluble in bile at the temperature of the body. 

In Marcet’s experiments the influence of temperature on the 
solubility is clearly demonstrated, the fatty acids dissolved above the 
temperature of fusion being thrown out as an emulsion on cooling. 
We first of all repeated these experiments, and are able to confirm 
their accutacy*; thus at a temperature of 62°C. it was found that 
6 c.c. of dog’s bile completely dissolved 1°5 grammes of the mixed fatty 
acids‘ of beef suet, and similar solubilities were found in other cases’. 
Although such results are interesting from a physical point of view, 
their physiological importance is lessened by their being carried out 
at a temperature which can never obtain in the animal body. The 


1 Lehrbuch der physiologischen Chemie. 

2 Loe. cit. 

3 We find however contrary to Marcet that oleic acid is soluble in bile, vide infra. 

4 Throughout this paper “fatty acids” means fatty acids of the fats, oleic, palmitic 
and stearic acids, 

5 No such solution takes place in water or dilute alkaline solutions above the tempera- 
ture of fusion. 
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very high solubility of the fatty acids at this temperature suggested 
to us, however, that a considerable amount might not pass out of 
solution at the temperature of fusion, but might remain in solution 
even at the temperature of the body. Accordingly we commenced 
a series of experiments on the solubility of the fatty acids, and various 
mixtures of these, in the bile of different animals, at or near the . 
temperature of the body: the results of these experiments are here | 
subjoined. 

In determining the maximum solubility in some species of bile (ox 
and pig) we have met with considerable difficulty from the formation 
of an insoluble precipitate after the mixture has remained for some 
hours in the bath. We have not closely investigated the nature of 
this precipitate, it is partially soluble in ether, but leaves a residue 
which does not dissolve. It is probably a compound (or mixture) 
of glycocholic acid with stearic or palmitic acid similar to that described 
by Latschinoff?, as occurring in the case of cholalic and stearic or 
palmitic acids ; this is indicated by the following facts :—(a) it is never 
obtained in working with dog’s bile, this contains only taurocholic and 
not glycocholic acid, and Latschinoff found that the compound of 
stearic or palmitic acid with taurocholic acid is soluble in water, (b) it 
does not occur or only to.a slighter extent on dissolving the mixed fatty 
acids of pig bile (chiefly oleic) in the bile of the ox or pig, and never 
on so dissolving pure oleic acid*. In any case, save for the difficulty 
it introduces in making determinations, this precipitate has no influence 
on the solubility of the fatty acids in bile; whatever the substance may 
be in bile which confers on it the property of dissolving fatty acids this 
is not removed by the precipitation. This is shown by treating a 
quantity of bile with excess of fatty acids, leaving in the bath at 40°C. 
or over for some hours, shaking at intervals, cooling, and then filtering 
from precipitate and excess of fatty acids. The clear filtrate now gives 
no further precipitate on heating at 40° C. with fatty acids, but dissolves 
these quite as efficiently as before ; on cooling the bulk of this dissolved 
fatty acid is thrown out of solution; if the mixture is now once more 
filtered and again treated with fatty acids it once again dissolves as 
much as before, and appears capable of going on so indefinitely. We 


1 Berichte d. deut. chem. Gesellechaft Jahrg. xm. p. 1518, 1879; xm. p. 1911, 1880; 
see also Kutscheroff, Ibid. x1. p. 2325, 1879. 

2 The precipitate is also in part probably pseudomucin, as a voluminous precipitate 
appears on heating ox bile alone for some hours at 40°C., and this would happen more 
readily when the reaction becomes acid from the dissolved fatty acids. 
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have availed ourselves of this method of disposing of the precipitate 
of ox and pig’s bile and consider the results obtained in such a filtered 
bile more trustworthy than those obtained with unfiltered, in which it 
is practically impossible to tell when the limit of solubility is reached. 

The solubilities of the three pure acids (oleic, palmitic, and stearic) 
have been determined, as well as those of mixtures of these three acids 
in the proportions in which they occur in the fat of mutton, beef, and 
lard. The solubilities of the mixtures as they are proportioned in the 
fats of foods being physiologically of more importance than those of the 
pure acids, we have directed more attention to their determination. 

The mixed fatty acids were prepared from the several fats by the 
following method. The suet was melted (except in the case of hog’s 
fat, in which bladder lard was used) and while hot strained through 
muslin into cold water, yielding a granulated fat’. This fat was 
warmed with water and when it had melted, and the water was almost 
boiling, strong caustic soda solution (40°/, NaOH) was gradually added 
and the mixture kept boiling, until finally about half as much more 
than the quantity calculated as necessary to saponify all the fat had 
been added; the boiling was continued for two or three hours until 
all the fat at first floating on the surface had disappeared. The soap 
so formed was thrown into a large»volume of water (200 grams soap 
in 2 to 8 litres) and allowed to stand till next day, when it was thrown 
out of solution by saturating with sodium chloride, collected, heated 
with water, and decomposed by sulphuric acid in slightly greater 
amount than the calculated quantity, the mixed fatty acids were once 
again saponified by alkali, and recovered by treating with acid*; washed 
free of acid by repeatedly melting with water, powdered® and dried. 
Oleic acid (melt. pt. 17°—20°C.) was prepared in a similar manner 
from pure olive oil; the palmitic acid we used was a specimen sample 
obtained from Griibler, melting at 62°C.; the stearic acid was a 
specimen sample obtained from Martindale, melting at 67°—68° C. 

In determining the solubilities three different methods were em- 
ployed, as follows:—({a) A series of test tubes were taken, into each 


1 This was the material used later in testing the solubility of neutral fat in the filtered 
intestinal contents. 

2 A repetition of the saponification a second, and occasionally a third, time was abso- 
lutely necessary in order to ensure good results afterwards ; neutral fats appear to us to 
be quite insoluble in bile, and undecomposed traces in the fatty acids used may easily 
mislead one into supposing that the point of maximum solubility has been reached before 
it actually has. 

* Except in the case of the fatty acids of lard, which are not friable. 
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10 c.c. of the bile was poured, and then a weighed portion of the fatty 
acid or mixed fatty acids to be experimented upon; these weighed 
quantities formed an increasing series (e.g. ‘05, ‘1, ‘15, °2, ‘25, ‘3 grammes) 
and it was determined in which test tube of the series complete solution 
was no longer obtained after a sufficient interval in a water bath kept 
at 38°—40°C. (6) A measured quantity of bile was taken in a single 
test tube, and to this from time to time small weighed quantities of 
the fatty acid or mixture of fatty acids under experiment were added 
as solution took place, until a limit was reached at which no more was 
dissolved. We were forced at first to use this method on account of 
the small quantities of dog’s bile at our command but in the end came 
to the opinion that it is the best method of the three. (c) A large 
volume of bile (100—150 c.c.) was saturated by excess of the fatty acid 
mixture, at a temperature somewhat above that at which the deter- 
mination was to be taken, and then after cooling to the desired 
temperature, and maintaining at that temperature for some time 
(1—2 hours), was filtered repeatedly’ through a hot funnel, kept at 
the proper temperature. The solution, saturated at this temperature, 
was allowed to cool to atmospheric temperature, when almost all of 
the dissolved fatty acids are precipitated out, filtered and the filtrate 
measured, while the precipitate was dissolved in ether, recovered after 
evaporation of the ether and weighed. This method is somewhat 
defective because the volume of the solution changes during the process, 
and it is uncertain how much of this loss is due to filtration and how 
much to evaporation ; the end volume has been taken, as it was obvious 
that filtration had the greater share in the loss, and therefore the 
solubilities are too high by the amount due to concentration of the 
bile through evaporation. On the other hand they are too low by the 
amount of solubility at ordinary temperature. 


Form in which the fatty acids are dissolved in bile. 

It is difficult to determine in what form the fatty acids are held 
dissolved in the bile. A small portion of the fatty acids first added 
undoubtedly combines with the alkali of the bile to form soaps, for 
the reaction which is at first alkaline to litmus, changes afterwards, 


becoming strongly acid. But the greater part of the fatty acid is not 
dissolved as soap, as is shown by the ready and complete solubility 


1 The filtrate, of course, being warmed before each filtration, to the temperature of the 
determination, 
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in ether of the precipitate thrown out on cooling. The fatty acids 
may be held in solution at the temperature of the body as exceedingly 
unstable compounds with the bile acids. Latschinoff describes a 
compound, or rather mixture, of cholalic acid and fatty acids, con- 
taining a variable amount of the two compounds, and possessing a 
distinct crystalline form and some other independent physical properties; 
and also a very soluble compound of taurocholic and fatty acids. But 
in Latschinoff’s compounds there is, when the fatty acid is present 
in maximum amount, four parts of bile acid to one of fatty acid; now 
in dog’s bile four parts of bile are capable at 62°C. of dissolving one 
of fatty acids, supposing the bile to contain 10°/, of taurocholic acid, 
this would mean that one part of taurocholic acid must dissolve 14 parts 
of fatty acid. 

Again, a solution of bile salts alone dissolves fatty acids much more 
feebly and slowly than bile containing a less percentage of bile salts, 
which speaks against the fatty acids being dissolved as a combination 
with bile salts. 

Further, if the fatty acids combined with any of the biliary con- 
stituents, and were on cooling thrown out of solution in combination 
with these, it ought to be possible by one saturation, say at the 
temperature of fusion of the fatty acids, to remove all of these biliary 
constituents in combination with fatty acids and so reduce the solvent 
action of the bile to zero: this we have not found to be the case. It is 
difficult to make successive quantitative determinations in the same 
quantity of bile, of the solubility after repeatedly saturating at 40° C. 
and filtering at 0°C. There is a considerable loss by filtration each 
time and a concentration of the bile by evaporation, and these factors 
are hard to discount, but as far as we could judge, by making three 
successive saturations in the same quantity, the bile loses none of its 
solvent power in the repetition of the process. The percentage 
solubility indeed increases each time, but this is probably due to con- 
centration of the bile by evaporation. 

Whether the fatty acid exists in solution in the bile in free con- 
dition, or in combination with bile acid, is not of great importance here ; 
the main point of physiological interest is that it is easily obtainable 
again as fatty acid, the precipitate thrown out on cooling the solution 
readily dissolves in ether, and on evaporating off the ether, fatty acid is 
left, readily saponifiable by dilute sodium carbonate solution. 


1 Loc. cit, Latschinoff used “stearin,” a mixture of palmitic and stearic acids. 
PH. XXI, 
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The melting point of a mixture of fatty acids is raised by the 
process of solution in bile; thus, in the case of the fatty acids of beef 
suet, the melting point rose from 45° C. to 49°C.; but this cannot be taken 
as indicating the formation of a compound, for the different fatty acids 
are not equally soluble in bile at ordinary atmospheric temperatures. 
Oleic acid is much more soluble than stearic or palmitic acids, and there- 
fore on cooling is not thrown out of solution as completely as the other 
two, hence the precipitated mixture of fatty acids contains a less per- 
centage of oleic acid than the mixture which was dissolved and as a 
consequence has a higher melting point. 

The removal of the mucin, or pseudo-mucin, of bile causes a marked 
deterioration in its solvent power; thus when four times its volume of 
alcohol is added to bile, then the alcohol removed from the filtrate by 
evaporation on a water bath, and this made up to its original volume 
with water, it only with difficulty dissolves about 1 per cent. of the 
fatty acids of beef suet, instead of 24 per cent. as before treatment’. 
The precipitated pseudo-mucin is only partially soluble in water or 
dilute saline, and the solution possesses no solvent action ; dissolved in 
dilute sodium carbonate solution, this saponifies the fatty acids, but they 
are not dissolved by the solution as fatty acids. The pseudo-mucin was 
also precipitated from ox bile by dilute acetic acid, and the filtrate after 
neutralizing was found to have lost the greater part of its solvent 
action, while the precipitate redissolved in sodium carbonate solution 
also possessed no dissolving action. 

It looks from these experiments as if the physical character of the 
solution aided the bile salts in effecting a solution of the fatty acids 
and increased the extent of their solvent action. 


I. Experiments with ox bile. 


(a) Ox bile and the mixed fatty acids of beef suet (melt. pt. 45° C.). 

Exp. 1. To portions of the bile (sp. gr. 1026) measuring 10 c.c., there 
were added 0-15, 0:2, 0 25 and 0°3 gram. of the fatty acids and all were kept 
at 36°5° C. for five hours; all dissolved completely except the last, and all 
were thrown out of solution again, except the first, on cooling to 30°C. 
Solubility 2-5—3-0 per cent. 


1 This experiment confirms the one of bile salts and fatty acids quoted later; the 
is very feeble, 
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Exp. 2. Sp. gr. of bile 1025. Solubility, determined as above after six 
hours at O., 2°0O—2°5 per cent. 

Exp. 3. Sp. gr. of bile 1025. Solubility at 39-0°C., 25—3-0 per cent, 

Exp. 4. » 1030. » 390°C. 25—30 ,, 

Exp. 5. » 1028. » 390°C. 25—30 ,, ,, 

Exp. 6. Ox bile was saturated by excess of fatty acids at a temperature 
of 38°C. for 24 hours, it was next filtered through a hot funnel at a 
temperature of 37°C., the filtrate was cooled to 0°C. and the precipitate 
removed by filtration at this temperature, the precipitate was dissolved in 
ether, the ether was evaporated off and the residue found to weigh 1:893 
gram., the filtrate measured 60c.c. which gives a solubility of 3°15 per 
cent. The filtrate readily dissolved almost the whole of 2 grammes of fatty 
acids, showing that it had not lost any of its solvent action through the 
precipitation of the first quantity. 

Exp. 7. To 10c.c. of a sample of ox bile kept at a temperature of 40° C., 
‘5 gram. of the mixture of fatty acids was added as follows :—:l gram was 
added, on this dissolving, an additional -2 gram, and afterwards two portions 
of «1 gram, all of which dissolved ; a sixth -1 gram was then added but did not 
dissolve, giving a solubility for this specimen lying between 5 and 6 per cent. 


(6) Ox bile and the fatty acids of lard (melt. pt. 39° C.). 


Exp. 1. Sp. gr. of bile 1025. Solubility at 36-5°0., 25—3 per cent. 

Exp. 2. » 10265. » 390°C. 30—35 ,, ,, 

Exp. 3. » 1030. » 90°C, 35-4 , 

Exp. 4. » 1028. » 390°C. 30-35 ,, 

The observations were made between five and six hours after the com- 
mencement of the experiments. 

Exp. 5. Ox bile was saturated with excess of the fatty acids of lard, at 
37°C. for 24 hours, it was then filtered through a hot funnel at the same 
temperature, the filtrate was cooled to 0°C. and again filtered at this 
temperature. The precipitate dissolved readily and completely in ether, 
showing that it consisted of unaltered fatty acids. 


(c) Experiments with ox bile and the fatty acids of mutton suet (melt. 
pt. 51°C.). 

Exp. 1. Sp. gr. 1028. Solubility at 40°C., 1—1°5 per cent. 

Exp. 2. Ox bile (sp. gr. 1025) was heated to 40°C. for 24 hours with . 
excess of fatty acids filtered through a hot funnel at 37° C., cooled to 0° C. and 
again filtered. The solubility of the fatty acids was determined in this 
filtrate, 10c.c. dissolved ‘15 gram of fatty acids in 2 hrs. 30 min., an 
additional 05 gram dissolved in 2 hours, making 0-2 gram, another ‘05 gram 
was added but did not dissolve, Solubility 2—2-5 per cent. 
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(dq) Experiments with ox bile and the pure fatty acids. 

Exp. 1. Ten cc. of ox bile (sp. gr. 1030) did not dissolve ‘05 gram of 
stearic acid at 39° C. after 12 hours. | 

Exp. 2. Tenc.c. of ox bile (sp. gr. 1030) did not dissolve ‘05 gram of 
palmitic acid at 39° C. after 12 hours, 

Exp. 3. To portions of bile measuring 10 .c., 0°2, 0:3, 0°4, 0°5 gram 
respectively of oleic acid were added, and all were kept at 40°C. for 2 hrs. 
30 min.; all except the last dissolved completely, and all except the first 
were thrown out on cooling to atmospheric temperature. Solubility at 40° C., 
4—5 per cent, 

Hence palmitic and stearic acids alone are practically insoluble in bile 
at body temperature, between 4 and 5 per cent. of oleic acid is dissolved 
at this temperature, and in mixtures of the fatty acids the palmitic and 
stearic acids are probably dissolved by the agency of the accompanying oleic 
acid. 


II. Experiments with pig’s bile. 

(a) Pig’s bile and fatty acids of beef suet (melt. pt. 45° C.). 

Exp. 1. Pig’s bile (sp. gr. 1030) was saturated with excess of the fatty 
acids of beef suet at 40° C. and then separated from excess of fatty acids and 
from a gelatinous precipitate which formed, by filtering at the temperature of 
the room. Ten c.c, of the filtrate was taken and ‘2 gram of the fatty acids 
added, which was all found dissolved in 3 hours; an additional -3 gram was 
added in portions of -1 gram, each of which dissolved in about 1 hour, making 
‘5 gram in all. A sixth ‘1 gram did not completely dissolve. Solubility at 
40° 0., 5—6 per cent. 

Exp. 2. In a similar experiment 10c.c. of bile treated as above also 
dissolved 5 per cent. 

(6) Pig’s bile and fatty acids of lard (melt, pt. 39° C.). 


Exp. 1. Ten c.c. of pig’s bile dissolved 4 gram of the fatty acids of lard 
at 39° C, 


(c) Pig’s bile and fatty acids of mutton suet (melt, pt: 51° C.). 

Exp. 1. Ten c.c. of pig’s bile scarcely dissolved *1 gram of the fatty acids 
of mutton suet at 40° C., even after previous precipitation with excess of 
mutton fatty acids and filtering in the cold. 


III. Experiments with dog’s bile. 
(a) Dog’s bile and the mixed fatty acids of beef suet (melt. pt. 45° C.). 


Exp. 1. To 8c.c. of dog’s bile, which was thick, and dark green in colour, 
the mixed fatty acids from beef suet were added in portions of 05 gram, at a 
temperature of 40°0O., five portions were dissolved, making 0°25 gram, and 
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then an additional 0°25 was added, making 0°5 gram in all, next morning all 
but a trace of this had dissolved, but no more could be dissolved. On cooling 
the test tube after the solution of each fraction of fatty acid in the beginning 
of the experiment, it was found that no precipitation occurred after the 
addition of the first portion (05) of fatty acid, but did after the second. 
Solubility at 40°C.=0°5 gram in 8c.c.=6°25 per cent. The solution 
was cooled when it became quite pasty ; this completely dissolved when shaken 
up with ether. 

Exp. 2. Ten c.c. of dog’s bile, which was thin and of a brownish colour, 
dissolved ‘25 gram of the mixed fatty acids of beef suet in 4 hours at 40°C., 
then -15 gram more was added and left over night, nearly all this was 
dissolved in the morning. The fatty acids were thrown out of solution on 
cooling. Solubility at 40°C. was here about 4 per cent. 

Exp. 3. Six c.c. of dog’s bile, thin and of a brownish colour, dissolved 
completely 0-3 gram of mixed fatty acids of beef suet at 40° C., and would not 
dissolve more, thrown down on cooling. Solubility at 40°C. =5 per cent. 

Exp. 4. Five c.c. of dog’s bile, thick and dark green in colour, dissolved 
completely ‘2 gram of beef suet fatty acids in six hours at 40° C., an additional 
‘1 gram was left dissolving overnight, in the morning about half of this had 
disappeared. Solubility at 40° C. = 4—6 per cent. 

Exp. 5. Ten c.c. of dog’s bile, thick and dark green in colour, dissolved 
‘6 gram, gradually added, in six hours; an additional ‘1 gram was left. 
dissolving overnight, next morning this had very nearly all dissolved but no 
more would dissolve. The solution solidified on cooling. Solubility at 40° C., 
3 per cent. nearly. 

Exp. 6. Six v.c. of dog’s bile, at 62° C., dissolved completely 1°5 grams of 
the mixed fatty acids of beef suet. 


(6) Dog’s bile and the mixed fatty acids of lard. 


Exp. 1. Eight c.c. of dog’s bile, thick and dark green in colour, dissolved 
0-5 gram of the mixed fatty acids of lard in five hours at 40° C., thrown out 
of solution on cooling. Solubility at 40° C. = 6°25 per cent. 


(c) Dog’s bile and the mixed fatty acids of mutton suet. 


Exp. 1. Ten c.c. of dog’s bile dissolved -2 gram of mutton suet fatty acids 
at 40° C. in 24 hours, and no more would dissolve. Solubility at 40° C.=2 per 
cent. 


IV. Experiments with a nine per cent. solution of the mixed bile 
salts of ox bile. 


Method of preparation. A litre of bile was evaporated down to a syrup, 
enough freshly heated animal charcoal added to make a thin paste, this was 


once more evaporated to a thick sticky mass, which was extracted for 
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24 hours with about 150c.c. of 96 per cent. alcohol, filtered, and the alcoholic 
solution of the mixed bile salts precipitated by excess of ether (about 1 litre) 
yielding in about 24 hours a crystalline mass of “ Plattner’s crystallized bile.” 
The mixed bile salts were purified by dissolving in warm alcohol and again 
precipitating with excess of ether. Finally they were dried over sulphuric 
acid and weighed, weight obtained 46 grammes. A nine per cent. solution of 
this was made, which must have been much stronger than the original bile in 
bile salts, even allowing a considerable margin for loss of bile salts in 
preparation, yet while another portion of this same sample of bile 
easily dissolved 2-5 per cent. of the mixed fatty acids of beef 
suet in 5 to 6 hours at 39°C., the solution of bile salts only 
dissolved } per cent. in 24 hours, and 1 per cent. in four days, 
and did not dissolve 1°5 per cent. even in six days. 

(a) Experiment with mixed fatty acids of beef suet. 

Ten c.c. of the above-described solution of bile salts dissolves ‘05 gram at 
39° C. in 24 hours. Solution is precipitated on cooling. 

Ten c.c. of the solution dissolves ‘1 gram at 39°C, in four days, comes 
down on cooling. 

Ten c.c. of the solution does not dissolve ‘15 gram at 39° C. in six days. 

(6) Experiment with the mixed fatty acids of lard. 

Ten c.c. of the solution of bile salts dissolves 05 gram at 39°C. in 
24 hours, does not come down on cooling. 

Ten c.c. of the solution dissolves -1 gram at 39°C. in two hours, comes 
down on cooling. 

Ten c.c. of the solution dissolves ‘2 gram, at 39°C. in five days, comes 
down on cooling. 

Ten c.c. of the solution does not dissolve ‘25 gram at 39° C. in six days. 


(c) Experiment with the mixed fatty acids of mutton suet. 


Ten c.c. of the solution of bile salts does not dissolve ‘05 gram in two days 
at 39° C. 


These solubility determinations show :—({1) That pure palmitic and 
stearic acids are practically insoluble in ox bile at a temperature of 
38°—40°C., while 4 per cent. of oleic acid is easily soluble at this 
temperature. Hence the solubility of mixed fatty acids is probably due 
to an action of oleic acid in aiding the solution of the admixed palmitic 
and stearic acids. 

2. Of the mixed fatty acids of lard, beef suet, and mutton suet, 
respectively, lard acids are most soluble, mutton suet acids least 
soluble, while beef suet acids are intermediate. Thus in ox bile the 
solubilities are—lard fatty acids, 3°5 per cent.; beef suet fatty acids. 
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2°5 per cent.; mutton suet fatty acids, 2 per cent. In pig’s bile,—lard 
fatty acids 5 per cent.; beef suet fatty acids 5 per cent.; mutton suet 
fatty acids, 1 per cent, In dog’s bile—lard fatty acids, 6 per cent. ; 
beef suet fatty acids, 5°5 per cent.; mutton suet fatty acids, 2 per cent. 

3. The solubility of the fatty acids in bile is only in part due 
to the bile salts. A strong solution (9 per cent.) of the bile salts of 
bile dissolves all three mixtures of fatty acids both more feebly and 
more slowly than bile itself. Mere removal of the pseudo-mucin from 
pile greatly diminishes its solvent action on fatty acids. 


B. Action of the filtered intestinal contents on the neutral fats. 


Since the intestinal fluid is a mixture of various secretions, amongst 
which are both pancreatic juice and bile, it follows that a neutral fat 
should be decomposed into fatty acid and glycerine by the steapsin of 
the pancreatic juice, and thereafter that the fatty acid should be 
dissolved by the bile. 

This has been tested by us in experiments made with the intestinal 
contents of dogs killed while fat absorption was actively proceeding’. 

In a preliminary experiment, the mixed intestinal contents were 
taken, consisting of a small amount of thin brown fluid, a part which 
consisted of semi-emulsified fat, and some larger pieces of unattacked 
fat, this was placed, in a test tube, in a water bath at 39° C., and as soon 
as it had reached the temperature of the bath it was observed that the 
semi-emulsified part dissolved and disappeared, the pieces of fat on the 
mixture remaining longer in the water bath, were slowly attacked, and in 
an hour the amount of undissolved fat was appreciably diminished, but it 
could not be entirely dissolved. After three hours’ digestion the mixture 
was filtered through a funnel kept at 40° C.; as it dropped into a test tube 
placed beneath it became semi-fluid, and on cooling in this to the 
temperature of the room became so thick that the test tube containing 
it could be inverted, without the contents dropping out. The test tube 
was placed again in the water bath, and the pasty mass resolved itself 
again into a clear brown coloured fluid. 

In another experiment, the intestinal contents were filtered when 
cold; to 5c.c. of the filtrate, a clear dark-amber coloured fluid, 1 gram 


Being those animals used for the experiments described in Sections D and E (q.v) 
after the reaction had been determined in the different vessels, the contents were 
united, and filtered; in most cases only two or three c.c. of filtered contents could be 
obtained, but in three or four cases we obtained from 8 to 10 o.c., with these the above 
described experiments were made. 
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of beef fat' was added and the mixture was left in a water bath at a 
temperature of 37°C. After four hours, all the fat had dissolved to a 
clear solution; ‘1 gram more was added and left overnight, all this 
was found to be dissulved in the morning; a third decigram was now 
added and in three hours most of this had also dissolved. On cooling, 
the contents of the test tube became almost solid; on adding ether, all 
the precipitate dissolved therein, leaving once more a clear brown fluid. 
The ethereal layer was separated and the ether evaporated off leaving 
a residue which weighed ‘23 gram. Solubility at 37° C.= 46 per cent. 
The residue on adding dilute sodium carbonate solution easily saponi- 
fied, this together with its solubility in ether showed that it consisted 
of fatty acids. To 10 cc. of filtered intestinal contents, in a third 
experiment, ‘5 gram of beef fat was added, this had nearly all dissolved 
in five hours, so ‘2 gram more was added and left dissolving overnight. 
The second portion did not dissolve, the fluid was filtered through a hot 
funnel at 38° C., and the saturated fluid as before solidified on cooling, 
and on re-heating to 38° C. became fluid and clear again. 

In other experiments we have not obtained so marked results; in 
one other 3 per cent. of beef fat barely dissolved, in another practically 
no solution of fat could be effected. 

The action of the filtered intestinal contents of other animals than 
the dog upon neutral fats was next investigated. 

The mixed contents of the small intestines of five pigs was filtered 
giving a clear brown coloured fluid of strong alkaline reaction to litmus. 
The animals had been fed about ten hours previously on meal and oats, 
and the intestines contained an abundant supply of a somewhat thin 
brown chyme. To portions of 10 c.c. of the filtered fluid in test tubes 
quantities of fat from beef suet were added varying from ‘1 to ‘5 
grams and all the tubes were heated in a water bath to 39°C.; in none 
of these was entire solution obtained, but the fat underwent a marked 
change. After a period of one to two hours a considerable portion 
of the fat had disappeared in the fluid in which at the same time a 
voluminous yellowish precipitate appeared, also the.residue of fat which 
remained floating at the top was completely changed, having taken the 

1 A portion of the fat obtained as described in Section A for the preparation of fatty 
acid and melting at 43°C. This melting point of beef fat is of some interest, in view of 
the common statement that fats are fluid at body temperature and are melted in the 
process of digestion. The fat of kidney suet of the ox melts at 42°—44° C., and can be 
kept for hours at 41°C. without fusing, hence both in the animal’s body and in the 
process of digestion it is in a solid and not a fluid condition. : 

2 The solution after dissolving the fat also became much more acid to litmus. 
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appearance of a yellow fluid oil at 38°C. Now the beef fat used melted 
at 43° C., and the mixed fatty acids to which such a fat gives rise melt 
at 45°C. A larger portion (200 c.c.) of the filtered contents was next 
treated with excess of the beef fat at 39°C. for about twelve hours, 
allowed to cool, when the oily drops solidified these were separated and 
treated with sodium carbonate solution (5°3 °/,) which at once saponified 
them. In these experiments it is probable that the fat was converted 
into fatty acids and glycerine, that part of the fatty acids was converted 
into soaps by the alkali of the fluid, giving a precipitate (of stearates 
and palmitates), and that in this conversion into soaps more stearate 
and palmitate than oleate in proportion were formed, so causing the 
residue of undissolved fatty acids to have an excess of oleic acid and 
hence a lower melting point. 

An experiment was also tried with the contents of the small intestine 
of a rabbit killed during carbohydrate absorption (about six hours after 
feeding on carrots), these were filtered, giving a clear light brown 
coloured fluid of strongly alkaline reaction to litmus paper. The 
filtered fluid behaved towards neutral fat of beef suet in an exactly 
similar fashion to that described above for the intestinal contents of the 
pig, ‘1 gram of fat added to 10 c.c. of the fluid was not completely 
dissolved but was decomposed, giving rise to a voluminous precipitate, 
and one or two drops of a yellow oil perfectly fluid at 39°C. With the 
intestinal contents of neither rabbit nor pig was there observed any 
formation of an emulsion, but only of the above-mentioned precipitate 
and oil; on cooling the test tubes after the action the fluid became 
somewhat thicker but did not become solid or semi-solid as with the 
dog’s intestinal contents. : 

The intestinal contents in the case of the dog seem from these 
experiments to behave differently towards neutral fats from those of 
the pig and rabbit. It should be remembered; however, that the 
former were collected during fat absorption, the latter during mixed 
and carbohydrate absorption respectively ; whether the difference is due 
to this, or to some intrinsic difference in the mode of digestion and 
absorption of fats in these different classes of animals, we are at present 
unable to decide. 


C. Combined action of fresh dog’s pancreas and ow bile 
on neutral fats. 


One gram of finely minced fresh pancreas was added to 10 c.c. of ox 
bile (sp. gr. 1025) in a test tube, then ‘25 gram of fat from beef suet, 
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and the mixture was placed in a water bath of 40°C., in four hours all 
the fat had dissolved to a clear solution, which became turbid and semi- 
fluid on cooling. No emulsification was observed during the process of 
solution. In a control experiment 1 gram of the same minced pancreas 
was mixed with 10 cc. of 6 per cent. sodium chloride, one drop of 
normal sodium carbonate solution (5°3 per cent.), and ‘25 gram of fat from 
beef suet were added and the mixture was left in the same bath at 40°C. 
In this tube the fat did not dissolve but remained floating on the top 
of the other contents, it had however become converted into fatty acids, 
for on allowing the tube to cool, separating it from the other contents, 
then adding it to 10 cc. of ox bile, and leaving at 40°C. overnight, it 
was found completely dissolved next morning’, and no odour of decom- 
position could be detected. 

Pancreas and bile together both decompose and dissolve 
fat, pancreas alone decomposes but does not dissolve, while 
bile alone has no action. : 


D. 
fat absorption. 


There exists but little unanimity amongst the various observers 
who have studied the subject as to the physical condition in which fat 
is present in the intestine prior to its absorption. The earlier writers, 
who believed in absorption by emulsion, state that a small fraction of 
the fat becomes converted into fatty acids and glycerine and that these 
fatty acids, forming alkaline soaps by union with the alkali of the 
intestinal contents, emulsify the remainder of the fat. But such state- 
ments were based more upon experiments carried out, in vitro, upon 
the action of pancreatic juice or extracts on neutral fats, and of alkaline 
solutions on rancid fats and on free fatty acids, than upon any close 
examination of the nature of the contents of the intestine during active 
fat absorption. 

More recently, the condition of the contents of the small intestine 
during fat absorption has been studied by many observers, who are, 
however, by no means agreed as to their results. 

Cash’, working under Ludwig’s direction, made three experiments 
on dogs, in which the animals were fed on a mixture of fat and starch 


1 It has already been stated that bile alone has no perceptible solvent action on neutral 
fats. 
Arch. f. Anat, u. Physiol. p. 386, 1881, 
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and killed three to four hours after, and three similar experiments in 
which the animals were fed on fat alone. He found the lacteals all 
along the small intestine charged with white chyle, but in the intestine 
the reaction was acid all the way, there was no emulsion, and the 
contents consisted of a thin fluid in which pieces of unchanged fat 
floated. 

Munk’ usually found scarcely any material in the small intestine 
of the dog after a meal of fat, the reaction was no longer acid 9 inches 
under the pylorus, and remained neutral or faintly alkaline throughout 
the rest of the intestine. Elsewhere Munk? states that the reaction 
may be acid occasionally throughout the whole of the small intestine, 
and often throughout three-fourths of its length. He adds that in 
consequence of the acid reaction of the chyme fats are not emulsified, 
but yet from the parts of the small intestine in which the chyme has 
an acid reaction, and in which the fat in large drops, not emulsified, 
swims about, the lymph vessels may be seen filled with white chyle, 
showing that the absorption of non-emulsified fats and fatty acids can 
take place, even with an acid reaction in the intestine. 

Krehl and Altmann? also deny the existence of an emulsion in 
the intestine and state that complete sections of the intestine of Triton 
taentatus do not show any such emulsion. 

Heidenhain‘ admits the formation in the intestine of microscopic 
globules of fat, but nothing approaching the fineness of the emulsion 
existing in the chyle. 

We have investigated the physical character of the intestinal 
contents during fat absorption in sixteen experiments on dogs, and six 
on white rats. The animals were kept without food for a period of 24 
to 48 hours, they were then given a full meal of fat, being allowed to 
eat as much as they chose within half-an-hour. They were killed by 
chloroform 5—7 hours afterwards, the pancreas as rapidly as possible 


1 Virchow’s Arch. txxx. p. 32. 1880. We have in three out of sixteen experiments 
found a similar result, but usually 5—7 hours after a full meal of beef suet the intestine is 
fairly full. Munk examined 11—13 hours after, and then only incidentally in the course 
of another experiment, on an anima] which had been some hours anewsthetised in order to 
collect lymph from the thoracic duct. Munk, however, also states (Virchow’s Arch. uxxx. 
and xcv.) that a considerable amount of fat is probably absorbed as emulsified fatty acids. 

2 Zeitsch. f. physiol. Chem. tx. pp. 572, 574. 1885. 

3 Arch. f. Anat. u. Physiol. Anat. Abth. 1889, Supp. Band, p. 88. 

4 Pfliiger’s Arch. xum. Supp. Band, p. 88. 1888. Other recent observers who have 
found an emulsion in the intestine are Lebedeff, Arch. f. Anat. u. Physiol. p. 504. 1883; 
Lewin, Pfliiger’s Arch. uxmm. p. 180. 1896. 
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separated from the duodenum, and ligatures applied at the pylorus, 
aod at approximately equal distances (8—5”) along the small intestine 
to the cecum, beneath the cecum, and at the middle and lower end 
of the large intestine. The gut was next cut out, the position of the 
ligatures determined with a foot-rule, the intestine cut across above 
each ligature, and the contents of the successive pieces emptied into as 
many small porcelain dishes, the nature of the contents (and reaction as 
described in Section 2) of each dish was then noted, all these operations 
were carried out with as much dispatch as possible to prevent changes 
due to absorption or secretion by the intestine, and in some experiments 
removal of the contents from the intestine was commenced at the 
pyloric, in others at the cecal end, so as to equalise duration of contact 
with the intestinal wall. 

The first two experiments with dogs left us at a loss to understand 
how anyone had failed to observe emulsification in the dog’s intestine ; 
the greater part of the intestine contained a thin, yellowish-coloured 
cream, obviously to the naked eye a fine emulsion; examined with the 
microscope this showed fat globules of all sizes, some fairly large, but 
others which showed merely as highly refractive points, with an 4 inch 
objective (Hartnack) and No. 3 eyepiece, and certainly had not +, of 
the diameter of a human red blood corpuscle. The emulsion was 
finest about the middle of the intestine, and had a marked 
acid reaction to litmus paper. The existence of such a fine 
emulsion in presence of an acid reaction is important, since it has been 
assumed by some that the existence of an acid reaction in the dog’s 
intestine is alone sufficient to prove that no emulsion can be formed 
there ; the subject will be returned to in Section Z in discussing the 
nature of the acid reaction of the dog’s intestine. 

In the next experiment, however, a totally different result was 
obtained: the contents of the small intestine along the greater part 
of its length consisted of a thin fluid, varying in colour from light yellow 
to yellowish brown, in which pieces of undissolved fat floated about, 
yet active fat absorption was in progress from these parts of the gut 
as shown by the lacteals charged with white chyle; the reaction at this 
part was also acid. This experiment then resembles those described 
by Cash and Munk, and others like it have been obtained in the 
series. Between the two extremes gradations are to be observed, in 
which one portion of the intestine contains a more or less perfect 
emulsion, while another contains a thin yellow or brown fluid in 
which pieces of fat float. Even in the experiments in which the small 
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intestine contained chiefly emulsion, there were one or two pieces 
which contained a thin fluid with lumps of fat, and in those in which 
no emulsion was found the contents in the last 12—18” of the ileum, 
as was invariably the case in all sixteen experiments, became semi-solid, 
and finally of the consistency of a thick paste’. In only one experiment 
was the reaction acid to litmus all the way to the cecum; it usually 
turned to alkaline about 12—18” from the cecum, at about the same 
point at which the contents began to be less fluid. 

There are thus two conditions in which the intestinal contents may 
be found in the dog (a) as an emulsion, (6) as a thin fluid containing 
lumps of fat, and usually the intestine is found showing both con- 
ditions at different levels. Five of our experiments showed an emulsion 
throughout the greater part of the small intestine, three showed no 
emulsion at any part, in three others the intestine was almost empty, 
and in the remainder (five) there was an emulsion in some parts and 
not in others’. 

These two conditions are difficult to explain; the explauation may 
be that they are different phases of the process. The pyloric sphincter 
is kept closed except at intervals at which a portion of the stomach 
contents is ejected into the duodenum; it may be that the non- 
emulsified condition is that obtained when accident has determined 
that the death of the animal has occurred soon after the addition of 
a fresh charge of chyme, while the emulsified condition may be that 
which exists when some time has elapsed after such an ejectment. 

In the case of the white rat, the intestinal contents are usually 
much less fluid, in the first 9—12” they may consist of a thin fluid 
containing lumps of fat, but in general from ane on the contents have 
the consistency of a thick paste. 


E. Reaction of the small intestine during fat absorption. 
(a) Ezaperiments with dogs. 
It has already been stated that Cash found the contents of the 
intestine of the dog acid during fat absorption, from pylorus to ca#cum *; 


1 Showing that rapid absorption of water always takes place in the lower part of the 


* The classification is not intended to be rigorous, but only to roughly give an indica. 
tion of how frequently emulsion occurs ; in no case has a perfect emulsion from pylorus to 


cwcum been observed, but perfect emulsion has been observed from about 12” below 
pylorus to within 12” of cecum. 


* Vaughan Harley (This Journal, xvi. p. 1, 1895) found the reaction of the 
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this we have only once found to be the case in sixteen experiments, 
and in this single case the intestine was almost empty. Usually the 
reaction to litmus paper changes from acid to alkaline at a variable 
distance from the pylorus, measuring } to } of the entire length of the 
small intestine. The contents of the large intestine are commonly 
acid to litmus; while the reaction of the contents of the cecum lies 
intermediate between that of the contents of the ileum and that of 
the contents of the large intestine, and may be either faintly alkaline 
or faintly acid, The reaction at the pylorus’ and for some distance 
below may be nearly neutral or even faintly alkaline to litmus; as the 
distance below the pylorus is increased, the reaction always beodenes 
more strongly acid at first, then less acid again, and finally faintly 
alkaline at the limit described above; in the cecum and beginning 
of the large intestine the reaction usually becomes once more acid. 
In the first eight experiments, blue and red litmus papers only 
were used and it was often exceedingly difficult, at times almost 
impossible, to determine the reaction. The difficulties were occasioned 
by the faintness of the reaction, the presence of fat which stained the 
test paper and obscured the reaction*, and the fact which later came 
to light that the acid reaction is due to organic acids which, as is well 
known, act much more feebly on litmus. An attempt was therefore 
made to verify the indications obtained from litmus by the use of 
other indicators. On applying methyl orange in an experiment in 
which litmus paper had given unmistakeable acid reactions at certain 
parts we were surprised to find that the reaction of the contents 
to this indicator was alkaline from pylorus to cecum. The. 
reaction in the same experiment was then tested with phenol-phthaléin, 
turned pink by making slightly alkaline, and it was found that the 


contents were acid to this indicator from pylorus to cecum. 


These results seem at first sight confusing and contradictory but 


intestine in dogs to be acid all the way after feeding on milk. A like result was obtained 
in cats after feeding on meat, and in rabbits after feeding on greens or oats. We made 
four experiments in rabbits after feeding on oats, and invariably found a strong alkaline 
reaction all the way from pylorus to ce#cum. 

1 This may seem strange, but it must be remembered that the pylorus is closed except 
at intervals, and a portion of acid chyme from the stomach soon after ejection into the 
duodenum would become mixed up and acquire a neutral or alkaline reaction ; when the 
reaction beneath the pylorus is acid, this reaction is due to an organic and not an in- 
organic acid (vide infra). 

* This may to some extent be obviated by allowing the drop to rest only for a very 
See then pressing on neutral filter paper, which removes most of 
the grease. 
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a consideration of the properties of the indicators used not only renders 
them intelligible, but gives a valuable indication as to the nature of 
the substances to which the contents of the intestine owe their reactio ns 
An organic indicator only reacts to an acid which is stronger than the 
acid which it itself contains in its molecule, to a weaker acid it is 
stable and hence shows no reaction. Now methyl orange is a very 
stable, phenol-phthaléin a very unstable indicator, while litmus lies 
intermediate between these two. Methyl orange reacts sharply to the 
inorganic acids, less so to the stronger organic acids such as acetic, and 
not at all to carbonic acid and the weaker organic acids, including 
stearic, palmitic and oleic; with carbonates and bicarbonates of the 
alkalies it gives an alkaline reaction, as also with stearates, palmitates 
or oleates, breaking up these salts and reacting with the base while 
indifferent to the acid. Phenol-phthaléin reacts to traces of the 
weakest organic acids, and to carbonic acid, to normal sodium 
carbonate (Na,CO,) it is alkaline, to sodium bicarbonate neutral, with 
excess of carbonic acid, acid. Litmus reacts to even weak organic acids, 
but the reaction is feeble and a corisiderable excess is necessary to 
give a clear reaction; to carbonates and bicarbonates of the alkalies 
it is alkaline’. 

These considerations make it evident that the acid reaction of the 
intestine to litmus and phenol-phthaléin is due, from pylorus onward, 
to weak organic acids, probably to the dissolved acids of the decom- 
posed fats. 

The alkaline reaction in the lower part of the ileum to litmus and 
methyl orange, and acid reaction to phenol-phthaléin, indicates that 
here there is sodium bicarbonate and excess of carbonic acid. 

The alkaline reaction to methyl orange, where the reaction is acid 
to litmus and phenol-phthaléin, indicates that here there is more than 
sufficient base to combine with all the mineral acids, but not sufficient 
to neutralize all the weak organic acids also in solution. The portion 
of the bases combined with the mineral acids does not at all affect the 
methyl orange, the portion combined with the fatty acids (to form 
soaps) acts on the methyl orange, giving an alkaline reaction as if the 
organic acids were absent, the excess of free fatty acids does not affect 
the methyl orange. 


The reaction of the intestinal contents in the dog, to the three 


1 Litmus is also affected by free carbonic acid but to a less extent than phenol- 
phthaléin, 
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indicators and its meaning may then probably be traced along the 
intestine as follows :— 

In the neighbourhood of the pylorus the reaction is feebly acid, 
neutral, or, it may be, feebly alkaline to litmus, showing that here there 
is little or no excess of fatty acids above that required to form soaps 
with the bases; as the reaction is taken further along the intestine the 
acid reaction to litmus becomes more marked, showing that the excess 
of fatty acids is increasing; still farther the acid reaction to litmus 


becomes fainter, showing that the fatty acids are becoming absorbed or 


neutralized faster than they are being formed. 

Finally, the reaction becomes alkaline to litmus, which must be due 
to alkaline bicarbonates, since free alkali or normal carbonate would be 
alkaline to phenol-phthaléin. 


Schedule of experiments. 
Experiment. Eu of Reaction to litmus. 
I 
7 kg.—120 gms. | Emulsion | Pylorus to 11”, alkaline ; 11—25”, acid ; 25—48” (cecum) 
8 15 min. alkaline. 
7°5 kg.—168 gms. | Emulsion acid, inereasing in intensity at middle of 
hours 36—58” 8658” (omoum) alkaline ; large intestine neu 
or faintly acid. 
8°5 kg.—76 gms. Nearly — to 124”, alkaline; 124—387” (cewcum) acid. There 
5 hrs. 50 min empty declan any contents in A perce aah fat was 
not pena har compared with the weight of the dog, and 
this is the only exp. in which the reaction was acid all 
“ the way to the cmcum. 
5°5 Fe gms. No Pylorus to 4”, faintly alkaline or neutral; 4—35”, acid, 
hours emulsion reaching a maximum and then decreasing; 35—48” 
(cecum), alkaline; and large intestine, acid. 
5 kg.—169 gms. | Emulsion | Pylorus to 36”, acid ; 36—41”, neutral; 41—51” (cwcum 
7 brs. 45 min alkaline ; cmcum, alkaline ; large intestine, upper 
alkaline ; ; lower end, acid. 
No Pylorus to 86”, acid ; 86—41”, neutral ; 41—68” (c#@cum) 
6 80 emulsion alkaline; cwoum, faintly acid ; large intestine, acid. 
VII 
“9 kg.— Mixed to 9”, empty; 16—63”, acid; 
6 hrs. 10 min. cecum, faintly 
of intentine acid ; lower too thlek and 
on highly coloured to test. 
5 kg.—125 gms. No Pylorus to 14”, alkaline ; 14—18”, neutral; 18—35”, 
hours emulsion neutral ; 40—56” (cecum), alkaline ; 
+ faintly alkaline ; ‘large intestine, acid. 
7° kg.—218 Mixed | Pylorus to 4”, empty; 4—7”, 7—49”, 
inten acid ; 4969” (cecum), faintly alkalin 
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xX 
4°25 kg.—76 Mixed || Pylorus to 3”, neutral; 3—12”, alkaline; 12—21”, neu- 
8 hrs. tral; 21—45” (cmcum), alkaline. 


XI 
Emulsion | Pylorus to 49”, acid; 49—59” (cecum) alkaline ; cecum, 
acid ; large intestine, 
6°5 kg.—90 . | Emulsion lorus to 94” tral; 94 —27", acid; 27—54”, neutral 
4-68" (ewoum), al ; coum, alkaline ; 
wine acid. & 
9°38 kg.— 64 N lorus to 7”, tral; 7—28”, acid; 28—42”, : 
7 30 acid; 57-77" (cw#cum), ‘alkaline ; 
XIV empty ; large intestine, acid. 


—187 gms. Mixed | Pylorus to 42”, acid ; 42—52”, neutral; 52—65” (cwcum), 
8 hrs. 15 min. alkaline; emoum, acid; large intestine, acid. 


XV 

6-5 kg.—150 Nearly | Pylorus to 24”, acid ; 2488", neutral ; 383—64” (cecum), 
6 hrs. 30 min. empty alkaline ; cwoum, acid ; large intestine, acid. 

XVI 

5-5 kg.—46 gms. Mixed | Pylorus to 12”, neutral; 12—35”, acid; 35—51” (cwcum), 
neutral ; cecum, acid; large intestine, acid. 

The first column gives the number of the experiment, weight of dog in kilograms, 
weight of beef suet eaten in grammes, and time during which digestion was allowed to 
proceed. The second column is a summed-up statement of the nature of the contents ; 
emulsion, means nearly all emulsified fat ; mized, partially emulsion, and partially un. 
dissolved fat in thin fluid; no emulsion, nearly all undissolved fat in thin fluid. The third 
column is a condensed statement of the reaction of different parts of the intestine to 
litmus. In ts I—VIII inclusive, blue and red litmus papers were used; in 
experiments —XVI inclusive, faintly blue and red litmus solutions were used instead, 
and in addition solutions of methy! orange and phenol-phthaléin; to the former, the 
reaction was invariably alkaline, to the latter, acid, throughout all eight experiments, and 
from pylorus to cx#cum. In all cases where the intestinal contents were viscid care was 
ee ne to obtain the reaction of the mixture as a whole and not 


. IL. ee. aan not fed for 24 hours previously, fed at 11 a.m. et og 


of suet, killed by chloroform at 6 p.m. | Int Intestine ligatured at pylorus, and 3”, 5 
9”, 14”, 36”, 46”, 50”, 58”, cmcum, large intestine (5”). 

Region. Contents. Reaction to litmus papers. 
Pylorus—3” | Only mucus. Almost neutral. 

3—5” Thin yellowish faid containing lumpe of fat Acid. 

5—9” Mucus, and thick partially emu Strongly acid. 


9—14” Thick semi-solid snebten. and a little mucus.| Strongly acid. 
14—36” — Sager emulsion of the consistency of | Strongly acid. 


in cream. 

36—46” Thin brown fluid with yellow fatty masses | Alkaline. 

floating in it. 
46—50” y semi-emulsified mass. Strongly alkaline. 
50—538” pasty mass of yellow colour. Strongly alkaline. 

Large intestine} Light brown or yellow brown semi-fluid feces. | Neutral, or faintly acid. 


The microscope showed very fine emulsions, especially in the middle third of the 


intestine. 

suet at 10a.m., killed at 6 p.m. by chloroform. “Sr ats lorus, 2”, 44”, 6", 
04”, 13”, 16”, 194”, 23”, "30" 84”, 874", 41", 454”, 494 61”, 63”, cacam, 
large intestine (about 6”). 


PH. XXI. 6 


4 
4 
— 
= 
2 
’ 


82 B. MOORE AND D. P. ROCK WOOD. 
Reaction. 
Region. Blue & Red litmus} § Methyl orange. Phenol-pnthaélin. Contents. 
lorus—2” alkaline acid 
6 — 94” 
18 —16§” ” ” pieces of fat 
27 —B80”’ Neutral ” ” Perfect emulsion, 
80 —34” of the colour and 
194-5 I Brown fiuid 
61 : of fat. 
Crycum ” ” ” Thick brown 
Large intestine| Strongly acid | ” mass. 


(6) Reaction of small intestine during fat absorption in the white rat. 

We fed six white rats on beef suet, and afterwards tested the 
reaction of the intestinal contents to litmus paper; in four cases the 
reaction was strongly alkaline from pylorus to cecum, in one of the 
two remaining cases the reaction was neutral in the upper 24”, in the 
other the upper 6” was acid, in both, the rest of the intestine was 
alkaline. 

CoNCLUSIONS, 

The solubilities of the mixed fatty acids in the bile of the three 
kinds of animal (ox, sheep, and dog) with which we have experimented 
are in our opinion sufficient to account for the absorption of the fats of 


_ the food as free fatty acids in solution. These solubilities are on the 


average much higher than the concentrations found in the intestinal 
contents of other digestion products (such as sugars, albumoses, and 
peptones) which are commonly believed to be absorbed in solution. 
Still we are not disposed to think that all the fats of the food are 
absorbed as dissolved fatty acids, in fact many of the experimental 
results recorded in the foregoing pages seem to us to be diametrically 
opposed to such a view. 

We are of the opinion that the form in which fat is absorbed varies © 
considerably in different species of animals; that most, if not all, the 
fat’ is absorbed in soluble form by the epithelial cells, either as fatty 

1 This form of expression is not rigorously correct, but is used to prevent needless 
periphrasis, ‘fatty radicle” might perhaps be substituted throughout for “fat.” 
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acid or as soap, but that the proportion absorbed in either form varies 
with the animal. 

When fatty acids are dissolved in bile, the reaction, alkaline to 
litmus beforehand, becomes acid afterwards. Again, when fat is dis- 
solved in the filtered intestinal contents of the dog the acidity of the 
fluid is increased. This being so, we fail to see how intestinal contents of 
an alkaline reaction to litmus can contain any dissolved free fatty acids. 

Now, in the white rat, we have invariably found the reaction alkaline 
to litmus during fat absorption along nearly all the small intestine, 
and usually alkaline all the way ; also, in the dog, the lower part of the 
ileum (12—18”) is commonly alkaline to litmus, often markedly so, yet 
from this part of the gut lacteals charged with white emulsion may be 
seen proceeding. 

Further, even in that greater part of the small intestine in the dog 
where the reaction is acid, all the fat in solution is not dissolved as free 
fatty acid; this is clearly shown by the behaviour of the solutions to 
different indicators. The alkalinity to methyl orange not only shows 
that the acidity to litmus is due to a very weak organic acid, and hence 
probably to dissolved fatty acid, but also that there is an excess of 
alkali above that required for combination with the inorganic acids, and 
that this excess is combined with very weak acids, otherwise it would 
not react to the methyl orange, in other words, that there are, in all 
probability, soaps present in the solution as well as free fatty acids. 

We conclude then that the region of the dog’s intestine of which the 
contents possess an acid reaction to litmus contains in solution both 
dissolved fatty acids and dissolved soaps, while the part with an alkaline 
reaction probably contains only soaps. In the white rat most of the fat 
must be absorbed as soap, in the dog, part as fatty acid, part as soap, 
probably in a varying proportion. 

The chief objections to the absorption of the fat, or any considerable 
part of it as soaps, are those adduced by Munk’, which are, (1) that in 
the dog the intestinal reaction is acid, and hence the fluid cannot 
contain any soaps which would be decomposed by the acid, (2) that the 
quantity of alkali required to provide for the absorption of a full meal 
of fat in the form of soaps is out of all proportion to that which can be 
supplied by the combined alkaline digestive secretions, amounting, by 
calculation, to over twice the total alkalinity of the whole body. 

The first objection has already been incidentally considered ; it has 
been shown that the acidity of the dog’s intestine is due to weak organic 
acids (fatty acids) in the presence of which there is no reason why soaps 
should not exist. 

The second objection is not nearly so formidable as it at first ight 

1 Loe. cit. 
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looks. There is no reason apparent to us, why quite a small amount of 
alkali should not act as a carrier to convey all the fat in the form of 
soap into the epithelial cells. It is experimentally known that the 
intestinal cell can absorb soaps and form from these neutral fats in 
which process alkali must be set free. Now in the natural process of 
fat absorption from the intestine on the supposition that the fatty 
radicles are absorbed combined with alkali as soaps, why should not the 
epithelial cell when it splits up the soap into fatty acid and alkali, 
instead of sending the alkali towards the blood stream, send it back 
into the intestine, where it can combine with a fresh quantity of fatty 
acids and act as their carrier into the epithelial cells? In such a fashion 
an indefinitely small amount of alkali would serve to convey all the fat 
as soap into the intestinal cells; a similar function must be admitted in 
the case of the acid secreting cells of the cardiac glands of the stomach, 
why should not equal power be granted in the case of the intestinal 
absorbing cells ? | 
In the above argument it has been tacitly assumed that the fat does 
not enter the epithelial cells in particulate form as an emulsion. That 
it does not do so is perhaps sufficiently proven by the concordant state- 
ments of histologists, that fat granules can never be observed ‘in the 
striated border of the cells, by the observations of Krehl and Altmann 
on the gradual growth of the fat globules in the cells, and by the obser- 
vation of Cash and Ludwig in the dog that active fat absorption, as 
shown by the lacteals, takes place from portions of intestine containing 
only clear fluid and undissolved unemulsified fat. Although we do not 
admit that emulsion does not take place in the intestine of the dog, 
having found it to a greater or less extent in ten out of sixteen experi- 
ments ; still we are agreed that fat absorption does not take place in the 
form of an emulsion, at least in the dog, since we found, like Cash, that 
fat absorption as shown by the lacteals proceeded alike whether the 
piece of gut contained emulsion or clear fluid. To this we may add 
that in none of our test tube experiments on the solubility of fatty acids 
in bile or of fat in intestinal contents did we observe the formation of a 
true milky emulsion, the fatty acid or fat being simply dissolved ; also 
the finely divided precipitate which comes out on cooling, making the 
fluid thick and pasty or even semi-solid when present in sufficient 
quantity, has not the fineness of a permanent emulsion, it is always 
easily filtered, and unless very strong separates in the course of a night. 
Although the fats are not absorbed as emulsions, it is, however, easy 
to see that it is advantageous to fat digestion that emulsification should 


take place in the intestine, for this by reducing the fats to a state of 
fine subdivision exposes an infinitely larger surface to the action of the 
intestinal fluids and so hastens the decomposition and solution of the fats 
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A DIFFUSION APPARATUS. By E. WAYMOUTH REID, 
Professor of Physiology in University College, Dundee, N.B., 
Grocers’ Company Research Scholar. (One Figure in Text.) 


THE apparatus described below was constructed for determinations of 
the relative diffusibilities through parchment paper of substances 
normally absorbed in the intestine, under conditions of temperature, 
pressure, and stream approximating as far as possible to those obtaining 
in the body, with a view to a final comparison of the ratios found with 
those for absorption of the same substances from the gut of the living 
animal, 
The apparatus consists of the following parts : 

_ A copper tank (the outline of which is in dotted lines in the figure) 

capable of holding 20 litres of water is heated by a large Bunsen 


= 


burner (not shown in figure) and stirred by a small screw propeller (£) 
driven by a motor attached to the pulley on the right of the diagram. 
The Bunsen burner is placed immediately beneath the position of the 


PH, XXI, 7 


86 E. W. REID. 


screw, and in this way an even temperature is easily maintained 
throughout the mass of water. 

A coil of fine copper tubing (22 ft.) lies in the bath, and at one 
end (A) receives water from the tap, while the other end supplies the 
dialyser tubes. The stream of water, warmed in its passage through 
the coil, is divided by the T piece (B) and after circulating through the 
two dialysers (C,C) escapes at the tube (D), the height of which is 
adjustable on a pillar. 

The dialysers are of the “ sausage” type and made of the parchment 
paper tubes introduced by Kiihne, a rubber cork being tied water- 
tight into each end. 

The feed pipe of each dialyser reaches nearly to the bottom, the 
escape pipe leaves near the top. The upper cork is furthermore pierced 
im one case by a. thermometer, in the other by a manometer. 

The pressure within the dialyser tubes is regulated by the height of 
the outflow tube (D) on its pillar. 

With regulation of the supply of cold water to the coil, and of gas 
to the burner, the temperature of the water supplied to the dialysers 
can be kept equal to that of the water of the bath, and so of the 
solution to be dialysed. Again, with a little attention any desired 
temperature can be maintained within 1°C. without the aid of a 
special gas regulator. If an absolutely regular temperature is required 
a gas and water pressure regulator are easily adjusted. 

The stream through the two dialyser tubes, with properly constructed 
T piece and outflow tubes, is the same provided it is kept sufficiently 
fast to clear all air bells, but if different speeds are required a rubber 
tube on the arm of one side of the T piece is compressed and the 
outflows of the two dialysers made separate, instead of one as in the 
figure. Under such conditions by measuring the separated outflows per 
unit time and knowing the sectional area of the cone tubes the 
relative speeds are easily adjusted... 

The solutions to be dialysed, the ratios of diffusibility of the 
dissolved substances in which are to be determined, are introduced in 
measured quantities from pipettes into glass cylinders with lead 
sinkers cemented to their feet (necessary on account of the swirl of the 
screw), and the dialyser tubes are then immersed in the solutions, till 
the level of the fluid in the glass cylinder exactly cuts an ink mark on 
the parchment tube indicating the length of tube immersed and so 
allowing the dialysing surface to be calculated with accuracy. As will 
be seen from the figure the dialyser tubes are suspended from the 
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arms of the T piece, so that by means of joints of rubber tubing the 
adjustment just mentioned is easily made. . 

The level of the internal opening of the outflow tube of each 
dialyser is also adjusted to that of the ink mark, so that the surface of 
the running water within the dialyser is at the level of that of the 
solution in the outer vessel. Most of the experiments have been made 
with a dialysing surface of 135 square centimetres. 

The thickness of the paper of the dialysers measured (after 24 hours’ 
soakage in water) by a Zeiss cover-glass gauge was found to vary from 
‘013 to 015 of a millimetre. Differences of permeability of two 
dialysers cut, as was always the case, successively from the roll, depend, 
I believe, rather upon variations in texture produced during the 
parchmenting process than upon differences in thickness of the paper. 

As will be seen below a preliminary diffusion experiment with 
glucose was the test used as to the relative permeability of two 
dialysers to be used to determine a diffusion ratio; this is certainly 
more satisfactory than the usual water pressure and hemoglobin test, 
and I attribute the conformity of the results in no small measure to 
this precaution. 

Since glucose and “peptone” are the substances used in the ex- 
periments, a word may here be said upon the methods of estimation 
of these substances employed. 

The estimations of glucose were all made by the Allihn-Soxhlet 
gravimetrie method, collecting the cuprous oxide, precipitated from the 
boiling Fehling’s fluid by a constant volume of sugar solution, on a 
tared asbestos filter, reducing to metallic copper in a stream of 
hydrogen and obtaining the glucose equivalent from Wein’s tables’. 
Analyses were as a rule made in duplicate and only an error of one 
milligramme of copper admitted as maximum. 

As regards the estimations of peptone, the method silat in 
previous experiments upon intestinal absorption has been used’, 4.¢. to 
estimate on a nitrogen factor, previously determined for the sample 
after treatment in exactly the same manner as that required for freeing 
a solution of peptone removed from the gut from contaminating 
nitrogenous bodies. 

With proteids of the tein type (the chief constituents of the 
commercial peptones used) the amount diffusing into water in 6 to 8 
hours at 37° to 38°C. with a surface of 135 square centimetres is not 


‘ This Journal, xx. p. 816. 1896. ® This Journal, xrx. p. 240. 1896. 
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large. Thus Chittenden and Amerman’ found from 2°21 °/, (deutero- 
albumose) to 7°9°/, (proto-albumose) diffusing at 38°C. in periods of 6 
to 8 heurs, and Kiihne* working at 5° C. but with a surface of 264 
square centimetres for 24 hours quotes a diffusion of 10 °/, of deutero- 
albumose and 19 °/, of proto-albumose. 

Both these observers estimated the weight of proteid diffused in the 
time by evaporation of the remaining solution and weighing. The 
proteids used were thoroughly dialysed before use, so that there can 
have been little error from further loss of salts during the yom 
experiment. 

I have however used the nitrogen factor method, since that alone is 
applicable to the intestine itself, and I wished the results to be 
comparable. 

Two commercial peptones were used, Griibler’s peptone, precipitated 
and subsequently extracted by alcohol, of which I hold a large stock, 
and the factor for which by the method is well ascertained, and Witte’s 
peptone specially prepared by separation of the hetero-albumose by 
long dialysis, concentration, and precipitation by pouring in a thin 
stream into a large volume of absolute alcohol. 

The water of the sample was determined by heating a specimen for 
days on a toluol bath, the ash by incineration at low red heat in a , 
platinum capsule, and the material then stocked in a well-stoppered 
bottle and the correction factor for water and ash inscribed on the label. 

The nitrogen factor after treatment with hot 5°/, trichloracetic acid, 
precipitation by phosphotungstic acid, and estimation by the denny ici 
method, was then determined. 


Thus 


Determination of factor for dialysed Witte’s peptone precipitated from 
solution in hot 5°), trichloracetic acid by phosphotungstic acid. 


Weight of peptone No. of ¢.c. ofS 4 
(ash and water free) sulphuric acid 
in grammes. neutralised. °/, of Nitrogen. Factor. 

‘5543 10-48 13-23 7°55 
6441 12°27 13°33 750 
‘7012 13°31 13°28 7°53 
10°16 12°94 7°73 
‘6710 12°72 13°27 7°53 
6454 12°12 13°14 761 


Mean factor on the six determinations 7:57. 


1 This Journal, xrv. p. 502. 1898. 2 Zeitschr. f. Biologie, xxrx. p. 20. 1892, 
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Since direct estimations of the nitrogen of this sample of Witte’s 
peptone gave as a mean of six determinations a percentage of nitrogen 
= 16°29 (factor 6°14) it is evident that a little over eighty per cent. 
(81°03 °/,) of the total nitrogen was in the mean recovered at the end of 
the process of treatment with boiling of 5°/, trichloracetic acid and 
phosphotungstie acid, a result corresponding closely with my previous 
result with Griibler’s peptone. 

This loss as I have previously indicated is in part due to the fact 
that phosphotungstic acid is not a complete precipitant of albumoses 
and peptone, but also to some action of the trichloracetic acid in 
altering the proteids and in some way affecting the precipitation yield. 

Throughout the experiments therefore especial attention has been 
paid to keeping the time during which the proteids are in contact with 
trichloracetic acid constant. 

Had it been my object to merely determine the diffusion ratios 
of these two proteids, the simpler method of direct estimation on a 
nitrogen factor would have been employed, but since the results here 
stated are to serve as a basis of comparison with absorptions in the 
intestine, I have felt bound to use exactly the same method throughout. 

Since the dialysers are used with an internal pressure, the effect of 
this must be taken into account. 

The filtration of water through the paper into the external solution 
will reduce its concentration, and if of any large relative magnitude, 
affect the results. 

_ The filtration was therefore measured by means of an apparatus 
previously described? but designed for another purpose. 

A known area of the paper was cemented to an ebonite flange by 
shellac and then clamped up water-tight to a similar flange. Glass 
vessels were fixed to the flanges, and when filled with water, and at 
an easily regulated pressure applied to the contents of one vessel, the 
volume of water filtering in a given time could be read upon an obser- 
vation tube (calibrated by filling with mercury and weighing) provided 
with a scale and inserted into the other vessel. 

Using 1°76 sq. cms. of paper (soaked over night to annul error from 
imbibition), in a series of one hour periods, it was found that a mean 
of 68 cb. mm. of water filtered at a pressure of 1 cm. of mercury. 
Thus for 135 sq. cms. (the area of the paper used in the experiments 
on dialysis) 521°6 cb. mm. would filter in the hour or 3129 c.c, in 
6 hours. 


1 British Medical Journal, Feb. 18th, 1892. 
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I next determined the quantity of fluid removed by evaporation 
at 375°C. over a period of six hours, from the outer vessels of the 
dialysing apparatus filled with water to the mark used in all experi- 
ments, and having the dialyser tubes full of water at zero pressure in 
position. This varied from 3°3 to 3°2c.c. 

Hence using 135 sq. cms. of paper in a dialyser with an internal 
pressure of 1 cm. of mercury, the filtration practically supplies the 
water evaporated at 37°5° C. 

I therefore adopted this pressure for purposes of convenience. 

This compensation was further put to a direct test as follows. The 
vessels having received their dialyser tubes wet, were charged with 
200 c.c. each of water, and after adjustment of level to the mark on the 
dialyser tube, so that 135 sq. cms. were immersed, and the internal 
openings of the outflow tubes set at the same level, a stream of water 
at a pressure of 1 cm. of mercury within the tubes, and a speed of 
49 mm. per sec., was run through each dialyser for six hours at 
37—38°C. At the end of the experimental period the dialyser tubes 
were raised from the vessels and carefully drained. The level of the 
water in each outer vessel was now noted, and was found to be still at 
that indicating 200 ¢.c., the volume originally put in. 

This experiment not only shows that evaporation was practically 
compensated by filtration, when the experiment was conducted at a 
pressure of 1 cm. of mercury within the dialyser, but it indicates that 
any “aspiration” by the stream in the dialyser upon the fluid in contact 
with its outer wall is negligible, at the speed of stream at which the 
experiments are worked. 

I find it necessary to call attention to this point because Hamburger 
has maintained that such “aspiration” (mitschleppende Wirkung), even 
at the speed of the capillary blood stream, is a factor in intestinal 
absorption. 

In the experiment quoted above the velocity of the stream is 
greater, and the pressure within the dialyser less, than in a blood 
capillary, and though extending over a period of six hours, no indication 
of loss of fluid by “aspiration” was evident. 

The theory propounded by Hamburger’ for the absorption of 
solutions “isotonic” with the blood (he uses ‘9°/, solution of sodic 
chloride), so far as I understand it, maintains that the conjoint action of 
three factors produces a pressure outside the walls of the capillaries of 


1 Du Bois Reymond’s Archiv, 1896, p. 428. 
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the villi, which is in excess of that inside, so that filtration takes place, 
collapse of the capillaries being in some manner prevented. The three 
factors adduced are, (i) pressure within the gut due to respiration, 
peristalsis and gravity, (ii) “imbibition,” and (iii) “aspiration” by the 
capillary blood stream. Apparently however the author himself is now 
inclined to exclude the action of the two latter factors, for he quotes 
(p. 456) experiments (in which a cage of six aluminium wires is thrust 
into the gut to prevent its collapse) to show that at zero pressure within 
the gut, absorption is absolutely stopped, though the blood stream and 
“imbibition” are, I take it, still in action. Hence the theory really 
maintains that filtration occurs, as in the schema devised by the same 
observer’, where a capillary is represented by a wire-gauze tube with the 
meshes plugged with gelatine, the pressure of the fluid within which 
is maintained lower than that outside. 

There can be little doubt, as Leubuscher’® long ago indicated, that 
slight pressures within the gut aid absorption; the favourable pressures 
however are well below the capillary blood-pressure and when made to 
approach it, cause slowing of absorption, probably by mere compression 
of vessels, since Leubuscher found the outflow from a mesenteric vein 
began to fall off as soon as pressures over about 100 mm. of water 
existed within the lumen of the gut’. 

As regards the actual dialysis of sugar or peptone into the water in 
the dialyser, pressure should theoretically have no effect, but in the 
experiments as conducted, opening of “pores,” thinning of membrane, 
and slight extension of surface may possibly exert some influence. 


Contrast of dialysis into water at zero pressure with dialysis at 
pressure of 3 cms. of mercury. 


Dialysing surface 135 sq.cms. Temperature 37°5°C. Time of experi- 
ment 6 hrs. 

In each outer vessel 200 c.c. of 1 °/, solution of glucose. 7 

Contents of vessels made up to 250 c.c. at end of experiment and 25 c.c. 
taken for analysis. 


1 Du Bois Reymond’s Archiv, 1896, p. 36. 

2 Jenaische Zeitschrift, 1885, xvu1. p. 808. 

3 In a dog with carotid blood-pressure of 140 to 160 mm. of Hg, the pressure in a 
mesenteric vein at a point 5 cms. from its origin from the gut I found to be 18 to 14 mm. 
of Hg (measured in a solution of magnesium sulphate of known density). The pressures 
within the gut in Hamburger’s experiments were from 2°96 to 10°36 mm. of Hg (40 to 
140 mm. of a ‘9 °/, solution of sodic chloride). ; 
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Diuatyser A. Dratyser B. 
No pressure. Pressure 8 cms. of mercury. 
25 c.c. gave prod 299°8 mgrs. of copper 395-6 295-7 mgrs. of copper 
= mgrs. of glucose. = 154'2 mars. of glucose. 
x10 gives 1°564 grms. glucose left ; x 10 gives 1°542 grms. of glucose left ; 
°436 grms. dialysed =21°8 °/,. grms. dialysed = 22°9°/,. 


With dialysers of the size used (capacity 160 c.c.) at the temperature 
of 37 to 38° C. and over periods of time equal to those of the experiments, 
only great differences in the speed of renewal of the water have any 
appreciable effect. In the following two experiments a change from a 
speed of 46 to 1 mm. per sec. is seen to have no effect, while on the 
other hand a difference is noticeable between an experiment conducted 
with a stream of 1 mm. per sec., and one in which the water in the 
dialyser is stationary. 


(i) Contrast of dialysis with speed of flow in dialyser 4-6 mm. per sec. 
with dialysis at speed of flow of 1 mm. per sec. 


Dialysing surface 135 sq. cms. Temp. 37 to 38°C. Time of experiment 
2 hours. 

In each outer vessel 200 c.c. of 1°/, glucose solution. 

Contents of vessels at end of experiment made up to 300 c.c. and 25 c.c. 
taken for analysis. 


Diuaryser A. Duyser B. 
Stream 4°6 mm. per sec. Stream 1 mn). per sec. 
25 c.c. gave pm 280°6 mgrs. of copper oat 280°0 mgrs. of copper 
= 145°8 mgrs. of glucose. = 145°5 mers. of glucose. 
x 12=1°7496 grms. glucose left ; x 12 =1°7460 grms. glucose left ; 


*, ‘2504 grm. dialysed = 12-52 °/,. ‘9540 grm. dialysed =12°7°/,. 


(ii) Contrast of dialysis at stream of 1mm, with dialysis into 
stationary water. 


Conditions as above eacept that temperature of exp. = 44°—45° C. 


Same dialyser tubes as in (i). 
Dratyser A. Diatyser B. 
Stream 1 mm. per sec. No stream. 
25¢.c. gave 2724 mgrs. of copper 277°4 mgrs, of copper 
= 141°3 mgrs. of glucose. = mers. of glucose. 
x 12=1°6956 grms. glucose left ; x 12=1°7292 grma. glucose left ; 


"8044 grm. dialysed = 15°22 °/,. 2708 grm, dialysed = 13°54°/,. 
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It is also perhaps necessary to state here that slight differences in 
the osmotic pressures of the solutions of substances the diffusion ratios 
of which are to be determined, unless of course occasioned by differences 
in concentration of the substances themselves, do not affect the results. 
The only bearing that this has upon the experiments is this, that 
a 1°/, solution of one proteid has not necessarily the same osmotic 
pressure as a 1°/, solution of another with which its diffusion is to be 
contrasted, because the contaminating salts in the one sample may be 
different or present in greater amount than in the other. Thus, 


Dialysis of 150 c.c. of 1°/, glucose solution A =*104 contrasted with that of 
150 c.c. of 1°/, glucose solution with A =°408 as a result of addition of 
sodium chloride. 


Experiment conducted at 36° to 37° C. over a period of 2 hrs. 
At end of exp. solutions made up to 300c.c. and 25¢c.c, taken for 
analysis. 


A. B. 
1 °/, glucose solution 1 °/, glucose solution + sodic chloride 
4 ='104. A = °408. 
213°5 213°3 
25 c.c. gave 218°3 213°35 mgrs. of copper 19-5 213°4 mgrs of copper 
= 109°7 mgrs of glucose. = 109°7 mgrs. of glucose. 
x 12=1°3164 grms. glucose left ; x 12=1°3164 grms. glucose left ; 
*1836 grm. dialysed, i.¢, 12°24 °/,. °1836 grm. dialysed, i.e. 12°24°/,. 


As has been mentioned above, the equality of permeability of the 
two dialysers used in each experiment was tested by a previous 
experiment with glucose solution. The dialyser tubes were then 
washed in running water over night and used for the actual ex- 
periment. 

The experiment now quoted shows that a previous treatment with 
glucose solution does not affect the permeability for a proteid dialysis. 
Thus the proteid dialysis in (3) A is practically the same as that 
in (2) B though the dialyser tube used in (3) A had previously been 
used for seven hours with glucose while that in (2) B had only been in 
contact with glucose solution for one hour. On the other hand a 
dialyser tube was never used twice for proteid dialysis, since it is well 
known that treatment with proteid solutions affects the permeability of 


parchment paper. 
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Experiment I. 


(1) Glucose test of permeability of dialysers. 
Dialysing surface 135 sq. cms. Temperature 37° to 38° C. Premare in 


dialysers 10 mm. Hg. 


Stream of water through each dialyser 330 c.c. per minute, giving speed of 


4°6 mm. per second. 
Time of experiment 1 hour. 


Dratyser A. 
200 c.c. of 1°/, glucose solution. 
At end of exp. solution made up to 300 c.c. 
25 e.c. by Allihn-Soxhlet gravimetric me- 
thod gave 
998-2, 2929 mers. of copper 
= 152°6 mers. of glucose in 25 c.c. 
18312 grms, glucose left in solution 
=*1688 grm. dialysed, i.e. 8°44°/,. 


Dutyser B. 
200 c.c. of 1°/, glucose solution. 
At end of exp. solution made up to 300 c.c. 
25 o.c. by Allihn-Soxhlet gravimetric me- 
thod gave 


292-4 mgrs. of copper 
= 152°3 mgrs. of glucose in 25 c.c. 
.. 1°8276 grms. glucose left in solution 
= *1724 grm. dialysed, i.¢. 8°62°/,. 


(2) Conditions as in (1) except that exp. lasted 6 hrs, 


Dutyser A. 
200 c.c. of 1 °/, glucose solution. 
At end of exp. solution made up to 250 c.c. 
25 c.c. by Allihn-Soxhlet gravimetric 
method gave 


206-3 296°5 mgrs. of copper 
= 154°5 mgrs. of glucose in 25 c.c. 
.. 1545 grms. glucose left in solution 
= grm. dialysed, 22°25 °/,. 


Diayser B. 

200 c.c. of 1°/, sol. of Griibler’s peptone 
precipitated by alcohol. 

At end of exp. solution made up to 225 c.c. 
and two analyses of 75¢.c. made by 

0.0. sulph. acid neutralised 11-48. 


Nitrogen factor for the sample after treat- 
ment with trichloracetic and phospho- 
tungstic acids = 7°81. 

627 x 3= 1-881 grms. peptone left in sol. 

= grm. dialysed, i.¢, 5°95 °/, 


(3) Conditions as in (1) except that exp. lasted 6 hrs. 


Diuatyser A. 


200 c.c. of 1°, sol. of Griibler’s peptone 


precipitated by alcohol. 


At end of exp. solution made up to 225 c.c. 
and two analyses of 75 c.c. made by 


Kjeldahl nitrogen method. 


N 12°51) 13. 
sulph. acid neutralised 11-35 11°43. 


Nitrogen factor as in B (2) = 7°81. 


+, 6248 x 3 = 18744 grms. peptone left in 


solution. 


B. 
200 c.c. of 1 °/, glucose solution. 
At end of exp. solution made up to 250 c.c. 
250.c. by Allihn-Soxhlet gravimetric me- 
thod gave 


206-41 295°8 mgrs. of copper 
= 154°2 mgrs. of glucose in 25 c.c. 
.*. 1°542 grm. glucose left in solution 
=°458 grm. dialysed, i.e. 22°9°/,. 


3 = *1256 grm. dialysed, i.c. 6°28 °/,. 
| 
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I now proceed to quote experiments illustrative of the ratios of 
diffusibility of Griibler’s peptone and dialysed Witte’s peptone, and 
also of Griibler’s peptone and glucose. 


Experiment II. 
Preliminary trial of dialysers with 200c.c. of 1°/, glucose solution for 
2 hrs. at 37°—38° O. 


Contents of vessels made up to 300c.c. at end of experiment and 25 c.c. 
taken for analysis. 


Diatyser A. Dratyser B. 
26 gave 350-64 280°2 mgrs. of copper 281°3 mgrs. of copper 
= 145-6 mars. of glucose. = mars. of glucose. 
x 12=1°7472 grms. glucose ; x 12=1°7544 grms. glucose ; 
‘2528 grm. dialysed = 12°64°/,. 2456 grm. dialysed = 12°28 °/,. 


Contrast of diffusibility of dialysed Witte’s peptone with Griibler’s peptone. 
Dialysing surface 135 sq. cms. 


Diatyser A. Diatyser B. 
Duration of experiment 6 hrs. 6 hrs. 
Pressure in dialyser tubes 11 mm. of Hg 11 mm. of Hg 
Temperature 37—38° C. 87—38° C. 
Stream 46 mm. per sec. 4-6 mm. per sec. 
4 4 
Number of 0.0. of sulphuric acid neu- 
final volume 
Weight of peptone recovered 8°864 (-644 x 6) gms. 3°788 (°623 x 6) gms. 
Weight of peptone diffused “186 grm. 262 
Percentage weight of peptone diffused 8-4, 6°55, 
°*/, Griibler’s peptone diffused 
Experiment III. 


Preliminary trial of dialysers with 150 c.c. of 2°/, glucose solution for 
2 hrs. at 37°—38° C. 

Contents of vessels made up to 300 ¢.c, at end of experiment and 25 c.c. 
taken for analysis. 
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Dranyser A. . Diatyser B, 
25 c.c. gave 412°0 mars. of copper a8 411°2 mgrs. of copper 
=219°9 mgrs. of glucose. =219°4 mgrs. of glucose. 
x 12=2°6388 grms. glucose ; x 12 = 2°6328 grms. glucose ; 
"8612 grm. dialysed = 12°04°/,. ‘8672 grm. dialysed = 12°24°),. 


Contrast of diffusibility of dialysed Witte’s peptone with Griibler’s peptone. 
| Dialysing surface 135 sq. cms. 


Duyser A. Dutyser B 
OPN factor 781 
Duration of experiment 6 hrs. 6 hrs. 
Pressure in dialyser tubes 10 mm, of Hg 10 mm. of Hg 
Temperature 87—388° C 87—388° C 
Stream 4°6mm. per sec. 4°6 mm. per sec. 


Weight of peptone dissolved in 200 c.c. of . 
water 4 grms. 


11°52 
11-40} 


Number of of sulphuric acid nev- 
tralised in Kjeldahl estimation by 4 sobs 


final volume 
Weight of peptone recovered 8°876 (°646 x 6) gms. 3°756 (°626 x 6) gms. 
Weight of peptone diffused ‘124 grm. “244 
Percentage weight of peptone diffused 3°10, 610°), 


Rati °/, Griibler’s peptone diffused 


Witte’s peptone diffused 


Experiment IV. 
‘Sugar test of dialysers omitted. 
Contrast of diffusibilities of dialysed Witte’s peptone with Griibler's peptone. 
Dialysing surface 135 sq. cms. 


Diatyser A. Dratyser B. 
Witte's Grubler's 
N factor 7°57 N factor 7°61 
Duration of experiment 6 hrs. 6 hrs. 
Pressure in dialyser tubes 10 mm. of Hg 10 mm. of Hg 
Temperature C. 87—38° C. 
Stream 4°6 mm. per sec. 4°6 mm. per sec. 
N 
Number of o.c, of 3 sulphuric acid neu- 1988 172 
tralised in Kjeldahl estimation by 5 12-23 17°15 
final volume 
Weight of peptone recovered 1°95 (°650 x 3) grms. 2°823 (*941 x 3) grms. 
Weight of peptone diffused -060 grm. “177 grm. 
Percentage weight of peptone diffused 2°5 °/, 59%, 


Rati °/, Griibler’s peptone diffused 2-36. 


Witte’s peptone 


> 
4 grms. 
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EXPERIMENT V. 
Preliminary trial of dialysers with 200 c.c. of 1°/, glucose for 2 hrs. at 
37°—38* C. 
Contents of vessels made up to 250 c.c. at end of experiment and 25 c.c. 
taken for analysis. 


Dratyser A. Diatyser B, 
25 c.c. gave 832°2 mgrs. of copper 314 331-4 mgrs. of copper 
=174°3 mers. of glucose, =173°9 mgrs. of glucose. 
x 10=1°748 grms. glucose; x 10=1°789 grms. glucose ; 
*, ‘257 grm. dialysed, i.e. 12°85°/,. ”. °261 grm. dialysed, i.e. 13°05°/,. 


Contrast of diffusibility of dialysed Witte's peptone with Griibler’s peptone. 
Dialysing surface 135 sq. cms. 


Dratyser A. Dratyser B 
N factor 37 N factor 7°81 
Duration of experiment 6 hrs. 6 hrs. 
Pressure in dialyser tubes 10 mm. of Hg 10 mm. of Hg 
Temperature 87—38° C. 387—88° CO. 
Stream 4°6 mm. per sec. 4-6 mm. per sec. 
Weight of peptone dissolved in 200 c.c. of 3 | 4 


Number of c.c, of sulphuric acid nev- 


tralised in ertimation by 18-144 it. 33 


final volume 
Weight of peptone recovered 2°895 (-965 x 3) gms. 3°726 (621 x 6) gms. 
Weight of peptone diffused *105 grm. 274 grm. 
Percentage weight of peptone diffused 8°5 %, 6°8 °, 
‘le Griibler’s peptone diffused 
Witte’s peptone diffused 
Experiment VI. 


Preliminary trial of dialysers with 200 c.c. of 1°/, glucose for hea at 
37°—38° O. 

Contents of vessels made up to 300 .c. at end of 25 c.c. 
taken for analysis. 


A. B. 
25 c.c. gave 283°4 mgrs. of copper 284°2 mgrs. of copper 
= 147°4 mars. of glucose. =147°8 mars. of glucose. 
x 12=1°7688 grms. glucose; glucose ; 


°2812 grm. dialysed, i.e. 11°56 %/,. . *2264 grm. dialysed, i.e. 11°32°/,, 
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Draryser A. Diatyser B 
Grtibler’s 
N factor 7°67 N factor 781 
Duration of experiment 6 hrs. 6 hrs. 
Pressure in dialyser tubes 10 mm. of Hg 10 mm. of Hg 
Temperature 87—388° C. 37—38° C 
Stream 4°6 mm. per sec. 4-6 mm. per sec. 
Weight of peptone dissolved in 200 c.c. of 9 9 
N 
Number of of sulphuric acid neu- 129 9.99 
tralised in Kjeldahl estimation of 4 | 12°27 11°32 
final volume 
Weight of peptone recovered 1-944 (-648 x 3) gms. 1-875 (625 x 3) gms. 
Weight of peptone diffused -056 grm. *125 grm. 


Percentage weight of peptone diffused 2-8 %, 6°25 °/, 
°/, Griibler’s peptone diffused 
9 Witte’s peptone diffused 


The sample of Griibler’s peptone was therefore about twice as 
diffusible as that of dialysed Witte’s peptone. 


Ratio 2°23. 


Experiment VII. 


Preliminary trial of dialysers with 200¢.c. of 1°/, glucose solution for 
2 hrs. at 37°—38° C, 

Contents of vessels made up to 300 c.c. at end of experiment and 25 c.c. 
taken for analysis. 


Dratyser A. Diuatyser B. 
25 0.0. gave 281-3 mers. of copper 282-2 mgrs. of copper 
= 146°2 mgrs. of glucose. 146°7 mers. of glucose. 
x 12=1°7544 grms. glucose ; x 12=1°7604 grms. glucose ; 
°2456 grm. dialysed = 12-28°/,. "2896 grm. dialysed = 11-96 °/,. 


Contrast of diffusibility of Griibler’s peptone with glucose. 
Dialysing surface 135 sq. cms. 


A, Dutyszr B. 
Grtibier’s 
N factor 7 Glucose 
Duration of experiment 6 hrs. 6 hrs. 
Pressure in dialyser tubes 10mm. of Hg 10mm. of Hg 
Temperature 37—38° 87—88° 
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Contrast of diffusibility of dialysed Witte’s peptone with Griibler’s peptone. 
Dialysing surface 135 sq. cms. 
Stream mm. per sec. 4-6 mm. per sec, 
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Weight of peptone or sugar dissolved in 
200 c.c. of water 4 ems. 4 grms. 


Number of c.c. of sulphuric acid 
11-48 


tralised in Kjeldahl estimation of vol of suger 
final volume of peptone solution 
Weight of peptone or sugar recovered 8°762 (-627 x 6 gms. 8-092 (“1546 x 20) gms. 
Weight of peptone or sugar diffused 238 grm. “908 grm. 
Percentage wt. of peptone or sugar diffused 5°95 °/, 22°7 °/, 
°/, Glucose diffused 
Ratio Griblers peptone diffused °°! 


Experiment VIII. 


Preliminary trial of dialysers with 200 c.c. of 1°/, glucose solution for 
2 hrs. at 37°—38° C. 

Contents of vessels made up to 300 .c. at end of experiment and 25 c.c. 
taken for analysis. 


Dratyser A. Dratyser B. 
25 c.c. gave 280°6 mgrs. of copper Pht 279°0 mers. of copper 
= 145°8 mgrs. of glucose. = 145-0 mers. of glucose. 
x 12=1°7496 grms. glucose ; x 12=1°7400 grms. glucose ; 
‘2504 grm. dialysed = 12°52 °/,. _ *2600 grm. dialysed = 18-00°/,. 


Contrast of diffusibility of Griibler’s peptone with glucose. 
Dialysing surface 135 sq. cms. 


Driatyser A. Duyser B. 
Gritbier’s 
N factor Glucose 
Duration of experiment 6 hrs. 6 brs. 
Pressure in dialyser tubes 10 mm. of Hg 10 mm. of Hg 
87—88° 87—88° C. 
Stream 4°6 mm. per sec. 4-6 mm. per sec. 
Weight of peptone or sugar dissolved in 
Number of c.c. of sulphuric acid neu- 11°45 ‘yer from 248-4 
tralised in Kjeldahl estimation of } { 11°48 vol. of sugar sol. | 248°7 


final volume of peptone solution 
Weight of peptone or sugar recovered 1°878 (626x383) gms. 1°5896(-1288 x 12) gs. 
Weight of peptone or sugar diffused “122 grm. 4604 grm. 
Percentage wt. of peptone or sugar diffused 6°10 °/, 23°01 °/, 


Glucose diffused . 


4 
No. of mgrsa. of cop-) 297-1 
— 
» 
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Expertmment IX. 
Preliminary trial of dialysers with 200c.c. of 1°/, glucose solution for 


2 hrs. at 37°—38° C. 
Contents of vessels made up to 300 c.c. at end of experiment and 25 c.c. 


taken for analysis. 
A. Duatyser B. 
25 ¢.c. gave 308-0 281°8 mgrs. of copper 300-3 280°4 mgrs. of copper 
= 146°5 mers. of glucose. = 145°7 mers. of glucose. 
x 12=1°7580 grms. glucose ; x 12=1°7484 grms. glucose ; 
*, ‘2420 grm. dialysed = 12°10 °/,. ‘2616 grm dialysed = 12°58 °/,. 


Contrast of diffusibility of Griibler’s peptone with glucose. 
Dialysing surface 135 sq. cms. 


Draryser A. Dra.yser B. 
Gribier’s 
N factor 7 Glucose 

Duration of Sry anager 6 hrs. 6 hrs. 
Pressure in dialyser tubes 10 mm. of Hg 10mm. of Hg 
Temperature 387—38° C. 87—38° C. 
Stream 4°6 mm. per sec. 4°6 mm. per sec, 
Weight of peptone or sugar in 200 c.c. of 4 4 


Number of c.c. of sulphuric acid 


tralised in Kjeldahl estimation of 4 
final volume of peptone solution — 


11°58) ,,. No. of mgrs.of cop-) 299°8 
11-494 11°50 trom 1/50 300-6{ 902 


Weight of recovered 3 °768 (-628 8°182 (-1566 
Percentage wt. of peptone or sugar diffused 5°8 °/, 21-7 %, 


Glucose diffused | 
*/o ers peptone diffused 


Thus including the two experiments to be found under Exp. I. it is 
seen that glucose is, under the experimental conditions, in the mean, 
3°74 times as diffusible as the sample of Griibler’s peptone employed. 
Before applying these values to experiments upon absorption of the 
substances from the intestine of the dog, it is of course necessary to 
perform experiments of the same nature with serum instead of water. 
In these experiments the dialyser tube is supported by a ring at its 
upper end, the serum is kept in constant motion by a Witt’s centrifugal 
stirrer’, and the bath temperature regulated by a chloride of calcium 
gas regulator*, Since the serum experiments are incomplete they 
must be left over to another paper. 

1 Berichte d. Deutsch. Chem. Gesellsch. p. 696. 1893. 


® Ostwald’s Physico-chemical measurements, p. 56. Translated by James Walker, 
Macmillan, 1894. 


Jan. 3, 1897. 
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ON EFFERENT FIBRES IN THE POSTERIOR ROOTS 
OF THE FROG. By R. J. HORTON-SMITH, B.A., Scholar 


of St John's College, Cambridge, and of St Thomas's Hospital, 
London. 


Part IL. 


THE accuracy of the belief that the posterior roots of nerves consist 
exclusively of afferent fibres, has been challenged in recent years. 
Vejas* and Joseph* were the first to raise the question. They 
asserted that in mammals certain fibres, which had their centre 
in the anterior horn of the cord, passed out by the posterior root. Their 
observations, however, are not very convincing, and Sherrington® was 
unable to confirm their result by means of degeneration. The balance 
of evidence, in fact, is against the view that efferent fibres exist in the 
posterior roots of mammals. On the other hand there is distinct evi- 
dence that such fibres do exist in the chick. Ramén y Cajal‘ found 
in the chick by the modified Golgi method, that at times the axis- 
cylinder process of a cell in the anterior horn could be traced directly 
into the posterior root. This was confirmed by Kolliker. Kolliker 
made similar observations on mammals but with a negative result*. 
Recently Steinach* has taken the matter up from the experimental 
side, He found that stimulation of the posterior roots in the frog 
caused certain visceral movements. It appeared, then, as if, in the 
highest series, the afferent fibres had been kept entirely distinct and 
separate from the efferent, while in the lower animals this separation 
was not so complete. If in the chick the two sets of fibres were not 


1 Beitriig. z. Anatomie und Physiolog. der Spinalganglien. 1883. . 
2 Archiv fir Anatomie und Phys. Physiologische Abtheilung. 1887, p. 296. 

3 This Journal, xvi. p. 211. 1894. 

* Anat. Anzeiger. 1890, p. 112. 

5 Handbuch der Gewebdelehre, 1. p. 76. 1893. 

Pfliiger’s Archiv, ux. p. 593. 
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quite separated from one another, we should expect to find in the frog, 
a member of a lower series still, a more obvious mingling of the two 
sets of fibres in the posterior roots. This caused Steinach’s statement 
to appear not improbable, and I decided, therefore, at Dr Langley’s 
suggestion to repeat his experiments. Here, also, I should like to take 
the opportunity of thanking Dr Langley for the kind help and advice 
which he has freely given me. 


The innervation for the frog’s viscera, as given by Steinach, is as 
follows : 


(Esophagus Ps) Vagus and posterior roots of 2nd and 
3rd spinal nerves. | 
Stomach . Vagus and posterior roots of 3rd, 4th 


and 5th (?) spinal nerves. 
Small Intestine (Upper part) Vagus and posterior roots of 4th and 
5th spinal nerves. 
Small Intestine (Lower part) Posterior roots of 5th and 6th spinal 
nerves. 
Rectum. Posterior roots of 6th and7th,andanterior 
roots of 6th and 7th spinal nerves. 
rior roots of 7th, 8th and 9th spinal 
nerves, chiefly 8th and 9th. 
Anterior roots of 7th, 8th and 9th spinal 
nerves, chiefly 8th and 9th. 


On reading through the description given by Steinach of his 
experiments, I felt considerable doubt whether the method adopted 
was a trustworthy one. His process was to lay the frog flat on its 
abdomen, and then, after preparing the roots, to cut through the 
postero-lateral muscles alongside the vertebral column, reflect the flap 
and pull out the viscera, so as to have them exposed to view. This 
was a simple way of performing the experiment, but it is open to the 
following objection: the intestines of the frog are extremely apt, on 
exposure, to pass into a state of auto-peristalsis; so much so, that any 
derangement of them should as far as possible be avoided, especially 
one so serious as that brought about by Steinach’s operation. It is 
only necessary to work a very short time at the subject to see what a 
frequent occurrence this auto-peristalsis is. The slightest exposure was, 
I found, sometimes enough to send the stomach and intestines into 
automatic contraction, while on rare occasions even the bladder was 
seen to be in a state of rhythmical contraction. This necessitated a 
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very large number of experiments and it was not till after I had per- 
formed these, that I came to a final conclusion. | 

In view of this difficulty, my object was to disturb the viscera as 
little as possible. In performing an experiment, therefore, the brain 
was first pithed and the nerve roots exposed: then, instead of placing 
the frog in the manner recommended by Steinach, I turned it on its 
side and made a cut in the lateral muscles of the abdomen. By this 
means I was able to keep the electrodes below the level of the cord, 
and secondly to see the various viscera without disturbing them to any 
appreciable extent. 

The animals used were chiefly freshly caught large English frogs, 
though I also made use of some large frogs which Prof. Steinach very 
kindly sent me from Hungary as material for my work, and for which I 
should like here to express my thanks. 

In all I performed some 150 experiments, and the conclusion to be 
drawn from them is distinctly unfavourable to the view put forward by 
Steinach, that the posterior roots contain efferent fibres for the viscera. 
I have time after time got no contraction of the viscera whatever, on 
stimulating the posterior roots of the nerves, however strong the 
stimulus, though this was readily obtained with a weaker stimulus on 
stimulating the anterior roots. Many experiments, it is true, had to be 
discarded, owing to the fact that the viscera were in a state of auto- 
peristalsis at the time of observation; but I have records of over a 
hundred experiments, in which the viscera were quiescent and in all of 
these I got perfectly clear negative results. All the posterior roots 
from the 2nd to the 10th were stimulated at various times: most of the 
observations, however, were made on the 6th to the 10th roots, as with 
these long roots it was more easy to insure against spread of current 
than was the case with the shorter roots. The following experiment is 
one which I performed with a view of ascertaining whether the bladder 
was supplied with efferent fibres by the posterior roots: it will serve as 
a sample of the rest. The roots stimulated were those which, according 
to Steinach, caused contraction of the bladder, viz., the 7th, 8th, 9th, 
‘ and 10th. The 10th was stimulated, because it was said at times to send 
efferent fibres to the bladder, though its action was not constant. 
I also examined the anterior roots of the same nerves with the follow- 
ing results. I started with a stimulus of medium strength and increased 


the strength subsequently :— 
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Nerve Root secondary coilat stimulus gis Result 
7 Posterior 20 cm. 20 sec. No contraction of bladder , 
8 Posterior 20 20 
9 Posterior 20 20 
10 Posterior 20 20 | 
7 Anterior 20 20 | | 
8 Anterior 20 20 
9 Anterior 20 3 Immediate contraction of bladder 
10 Anterior 20 3 Slight contraction of bladder 


The secondary coil was then pushed up; till the pointer was at the 
14th cm. The difference between the results: now obtained and those 
given above, was that on stimulating the anterior root of. the 7th nerve, 
contraction immediately resulted, and the contraction following stimula- 
tion of the 10th anterior root was more marked than previously. No 
contraction followed stimulation of the 8th anterior or any of the last 
four posterior roots. 

Lastly the secondary coil was pushed up still further, to the 9th cm. 
The results were the same as before, contraction following immediately 
on stimulating the anterior roots of the 7th, 9th and 10th nerves, but 
not in the least degree on a stimulus applied to the 8th anterior and 
the 7th, 8th, 9th and 10th posterior roots. 

It will thus be seen that whereas a moderately weak stimulus 
applied to the anterior roots of some of the spinal nerves was sufficient 
to cause contraction, a much stronger stimulus applied to the posterior 
roots was unable to effect the same. The result was really more 
marked than appears above, for I found that an extremely weak 
stimulus (the pointer of the secondary coil was 33 cm. away) when 
applied to the 9th anterior root was sufficient to cause contraction of 
the bladder, while, as has been said, a very strong stimulus to the 
posterior roots gave no result. 

The coil used was an ordinary Du Bois coil, with one Daniell cell. 
The strength was such that the current was just felt on the tongue 
when the pointer of the secondary coil was at 19 cm., and was felt as a 
very strong stimulus, with the coil at 11 cm. 

This experiment is only one of many, and the conclusion therefore 
arrived at, is that efferent fibres to the frog’s viscera do not pass out 
through the posterior roots, and that, if care be taken firstly, to prevent 
spread of current, and secondly, to eliminate the very high percentage 
of experiments in which the viscera are in a state of peristalsis, it can 
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be shown that stimulation of the posterior roots does not cause contrac- 
tion of the bladder and intestines. 

But though I am-unable to confirm Steinach’s assertion that the 
viscera derive some of their motor fibres from the posterior roots, I do 
find that in some cases efferent fibres pass out by the posterior roots to 
the skeletal muscles. . Whether they exist in the posterior roots of all 
the nerves I do not know, as I confined my attention to the 6th, 7th, 
8th and 9th nerves, more especially the last two. The animals used 
were in all cases Rana’Temporaria. These efferent fibres to the muscles 
are only found in.a minority of frogs examined. 

Taking the 9th posterior root on both sides and stimulating it with 
a tetanising current, I find that in about one out of every six frogs, I 
get contraction of some muscle: the muscle in question differs in 
different frogs. I have not as yet found the posterior roots on both 
sides in any one frog containing these efferent fibres. It has always 
been confined to one side or the other. 

The same may be said of the 8th posterior root, the only difference 
being that this root contains efferent fibres rather more often than does 
the 9th, the average, taking the roots on both sides, being about once 
out of every four frogs. In one frog I found the 8th posterior roots on 
both sides supplied efferent fibres to the semimembranosus, but with 
this exception, the efferent fibres were confined to one side or the other, 
just as was the case with the 9th nerve. 

The 7th posterior root does not contain these fibres very often: 
they may perhaps be expected in 5 p.c. of the frogs examined. 

The 6th nerve was only examined eleven times: in none of these, 
however, did I get contraction of any skeletal muscle. 

The muscles in the various instances differed. I have succeeded in 
getting contraction of some muscle in 30 cases altogether. As will be 
seen from the list below, the semimembranosus is supplied by these 


Posterior root 7 8 9 Total 
Muscles supplied by these efferent fibres 

Semimembranosus 0 11 2 13 
Flexor digitorum 0 3 3 6 
Gastrocnemius 0 2 1 3 
Rectus internus minor 0 1 2 3 
Rectus anticus femoris 0 2 0 2 
Extensor digitorum 0 0 2 2 
Oblique muscles of abdomen 1 0 0 1 
Total of muscles thus supplied 1 19 10 30 
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fibres far more often than any other muscle, and this is more especially 
the case with the 8th posterior root. The list shows what muscles are 
supplied by fibres from the posterior roots, and the number of times I 
have been able to get contraction of each muscle on stimulating the 
7th, 8th and 9th posterior roots. 

As a rule stimulation of any one root caused contraction of one 
muscle only, but in three instances the 8th root contained efferent fibres 
for two muscles (in one case the gastrocnemius and semimembranosus, 
and in the other two the rectus anticus femoris and semimembranosus) 
and it was therefore only in 16 cases that the 8th root contained these 
fibres. 

In all 125 9th posterior roots were examined : 
efferent fibres were found in 10 cases = 8 pac. 


» 128 8th » 16 , pc. 
” 38 7th ” ” » 1 2°5 p.c. 
11 6th 0, = 0 p-c. 


the thet ene frog the 8th posterior root 
on one side and the 9th on the same or the opposite side will both con- 
tain efferent fibres, and, as a result, we meet with these fibres (taking 
the 7th, 8th and 9th roots on both sides) in about one frog out of every 
four; not more often. 

In most cases the posterior roots only partially supply the muscles ; 
the corresponding anterior roots also sending efferent fibres to the same 
muscles. In one instance, however, the rectus anticus femoris received 
its efferent fibres entirely from the posterior root of the 8th nerve. 

There can, I think, be no doubt that the contraction of these 
skeletal muscles is really due to efferent fibres passing in the posterior 
roots. It is certainly not due to spread of current; for if this were the 
cause, it is difficult to see why, even with a very strong stimulus, any 
definite muscle should be picked out, and why we should get contrac- 
tion in only a limited number of cases: and, further, if a posterior root 
be seen, on stimulation, to cause contraction of a muscle, a weak stimulus 
is sufficient to cause this contraction, while not the slightest contraction 
can be got on stimulating the majority of posterior roots, though the 
stimulus may be extremely strong. The stimulus required, in the few 
cases that give contraction, is surprisingly weak. I have in one instance 
got contraction of the rectus internus minor on stimulating the 8th 
posterior root with an electric current, when the pointer of the 
secondary coil was as much as 53 cm. away; and in another case con- 
traction of the semimembranosus resulted on a stimulus to the nerve 
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only slightly stronger, the pointer being 50 cm. off. The current is too 
weak to make it in the least degree likely that the contractions are 
caused by a spreading of the current. Moreover, placing the electrodes 
in a little fluid, which had collected near the ganglion of the nerve, did 
not cause contraction of this or any other muscle. The current was so 
feeble, that, to have any effect, the stimulus had to be applied to the 
nerve direct. Again, contraction can be got without the use of electrical 
stimulation at all. Mechanical stimuli, such as pinching the nerve with 
forceps or crimping it, are sufficient to cause a contraction. 

Lastly, it was just possible, though not at all likely, that it might 
be in some way due to a kind of reflex action through the cord. This 
is not the case, however; for I took four instances in which stimulation 
of the 8th or 9th posterior roots gave contraction, and then cut out the 
whole cord. When this had been done the root was again stimulated 
both electrically and mechanically. In all cases the contraction was 
as marked as it was before. 

I think, therefore, that there can be no doubt that, sometimes, 
efferent fibres to the skeletal muscles exist in the posterior roots of 
the frog’s spinal nerves. 


Part II. 


I propose here to deal with the innervation of the frog’s viscera: 
Waters’ stated some time ago that strong stimulation of the 3rd, 4th, 
5th and 6th nerves causes contraction of the esophagus, stomach and 
at times the small intestine. The results of Steinach I have already 
mentioned. In view of the different results of Waters and Steinach, 
it was desirable that the subject should be re-investigated. 

The main part of Waters’ paper was on the vaso-motor nerves to 
the viscera. In the course of his work, however, he found that a strong 
stimulus applied to 3rd, 4th, 5th and 6th nerves, at their exit from 
the spinal canal led to contraction of the upper portions of the ali- 
mentary tract, the 3rd nerve supplying the cesophagus and the lower 
nerves the stomach and at times the small intestine. My experiments 
in the earlier part of this paper convinced me that the posterior roots 
of these nerves contained no efferent fibres to the viscera, and I 
therefore merely examined the anterior roots for the purpose of dis- 
covering whether efferent fibres left the cord in this region for the 
viscera. 


1 This Journal, v1. p. 460. 1885. 
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My results are negative. The $rd anterior root was stimulated five 
times, the 4th seven times, the 5th six times and the 6th four times, 
without any visible contraction of the cesophagus, stomach and small 
intestine respectively. There is no difficulty in getting them to contract 
on stimulating the vagus and I therefore believe that it is the vagus 
alone that causes contraction of this part of the alimentary canal. 

For some time past there has been an increasing body of evidence 
that, in mammals, the bladder receives fibres from two regions of the 
spinal cord which are separated from one another, viz. from the upper 
lumbar region, the fibres passing by way of the sympathetic chain, and 
from the sacral region, the fibres passing by the nervi errigentes. The 
question has recently been worked out by Langley and Anderson’, 
who find that there is a similar innervation for the lower part of the 
intestine and the external generative organs. 

It is interesting then to ascertain how far a similar arrangement 
exists in the frog. The existence of fibres corresponding to the nervus 
errigens (pelvic nerve of Langley and Anderson) is known in the frog. 
They were demonstrated by Ecker anatomically, and by Gaskell’, by 
means of stimulation. Gaskell states that this “cerebro-spinal” supply 
for the bladder leaves the cord by the 8th and 9th nerves and passes 
by the nervus errigens to the bladder. I agree with Gaskell as far as 
the 9th nerve is concerned, but some of the fibres to the bladder also 
pass out of the cord by the 10th nerve, and except in one case I never 
got contraction of the bladder on stimulating the anterior root of the 
8th nerve. It would seem therefore that the visceral outflow in the 
pelvic region is by means of the 9th and 10th nerves, That the fibres 
pass thence to the bladder by the nervus errigens is easily shown by 
stimulating the 9th and 10th nerves before and after section of the 
nervus errigens. After section, stimulation of the 9th and 10th nerves 
will no longer cause contraction of the bladder. Besides this sacral 
outflow to the bladder, the 7th nerve also contains motor fibres for the 
same viscus. This fact was previously shown by Gaskell, and I agree 
with him in saying that the fibres from the 7th nerve to the bladder 
pass by the rami communicantes and not by the nervus errigens: in 
three experiments I stimulated the 7th anterior root, after section of 
the nervus errigens, and got contraction of the bladder as marked as 
before; but now, on section of the rami communicantes of the 7th 
nerve, it was impossible to get contraction by even a stronger stimulus 
applied to the anterior root of the 7th nerve. 


1 This Journal, xrx. p. 71. 1895. ® This Journal, vu. p. 26. 1886. 
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There is then a double nerve supply to the bladder in the frog 
as in the mammal. The lumbar supply passes out of the cord by the 
7th nerve, and the sacral supply by the 9th and 10th nerves. The gap 
between the two sets corresponds to the 8th nerve. I have stimulated 
the 7th and 8th anterior roots in 15 cases together and I have got 
contraction of the bladder in only one instance on stimulating the 8th 
anterior root. All the other experiments showed a negative result, 
however strong the stimulus. With the 7th nerve, the result is 
different ; the contraction, it is true, is always much weaker than that 
caused by stimulation of the 9th and 10th nerves, as was shown by 
Gaskell, but it is almost always present. In some cases it was slight, 
and in two cases I could not get it at all; here, however, its place was 
taken by the 6th nerve. These two latter experiments should be 
considered as instances of an anterior plexus, the one experiment 
mentioned above in which I found contraction following stimulation 
of the 8th nerve, being, on the other hand, a case of posterior plexus. 

This result is in accordance with the work of Bidder and Volk- 
mann. They noticed on dissection (although they did not recognise 
the presence of grey rami) that in the majority of cases, the bundles 
of fibres from the sympathetic ganglia to the various spinal nerves 
passed both ways on joining the nerves, some of them running up 
towards the cord, others turning round to run with the spinal nerves 
to the periphery. Or, to use the terminology of to-day, the sympathetic 
bundles consist in most cases of white and grey rami communicantes. 
This is the case with all the fibres from the lst to the 7th. All the 
fibres, however, that run to the 8th nerve from the sympathetic ganglion 
run with the nerve to the peripbery ; and this is the case also with the 
9th nerve. In other words, dissection shows that the 8th and 9th 
nerves do not contain any white rami, all the sympathetic fibres joining 
them belonging to the grey set. As the nervi errigentes come from 
the 9th and 10th nerves only, it follows that all the visceral fibres that 
leave the 7th nerve must travel to the periphery by the sympathetic 
system. No visceral fibres leave the cord by the 8th nerve, while those 
that leave by the 9th and 10th nerves must pass by the nervi erri- 
gentes. 

3 These results, then, agree with those gained by stimulation; the 

contraction of the bladder which follows stimulation of the 7th nerve 
being abolished by section of the rami communicantes, though it is not 
affected by section of the neryus errigens, while the reverse is the case 
with the 9th and 10th nerves: here contraction is abolished by section 
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of the nervus errigens, but not in the least degree by section of the 
rami communicantes. 

The effect on the bladder is bilateral, though rather more strongly 
marked on the same side than on the opposite. 

With regard to the rectum, Gaskell’ stated that there was a 
double nerve supply similar to that for the bladder. The circular coat 
was said to be supplied by the “abdominal splanchnics,” while the 
longitudinal coat got its innervation from the “pelvic splanchnics.” 
From my own observations, I think the supply comes entirely from the 
9th and 10th nerves. The fibfes pass from these nerves to the rectum 
by the nervi errigentes: in two instances I cut the rami communi- 
cantes of the 9th nerve, and then stimulated the anterior root: the 
contraction of the rectum was not altered at all. Then I cut the nervi 
errigentes and found the power of contraction had been abolished by 
the section. There can be no doubt, therefore, that the sacral supply 
passes to the rectum in the same way as does the innervation for the 
bladder. 

The 8th nerve does not send any fibres to the rectum, nor, I think, 
does the 7th. I have notes of seven experiments on the anterior root 
of the 7th nerve, all with a negative result. 

The 9th and the 10th nerves supply both coats of the rectum, circular 
as well as longitudinal. In some cases of posterior plexus the inner- 
vation for the rectum comes entirely from the 10th nerve. 

The sphincter ani is also supplied by the 9th and 10th nerves; the 
effect is unilateral and on the same side. 


The following table will show at a glance the innervation I bave found 


‘for the frog’s viscera : 


Cisophagus Vagus. 
Stomach Vagus. 
Small Intestine. Vagus. 


Large Intestine. (a) Upper part Vagus. 
(6) Lower part 9th Anterior Root. 


Rectum 9th and 10th Anterior Roots (some- 

. times only 10th). 

Bladder 7th, 9th and 10th Anterior Roots 
(sometimes only 7th and 9th). 

Sphincter Ani 9th and 10th Anterior Roots. 


1 This Journal, vu. p. 27. 1886. 
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SUMMARY. 


The following are the chief results to be drawn from this paper :— 

1. I am unable to confirm Steinach’s assertion that efferent 
fibres proceed to various parts of the viscera by the posterior roots. 
They all pass either by the vagus or by the anterior roots. 

2. Efferent fibres are, however, present in the posterior roots of 
the spinal nerves of a limited number of frogs. These efferent fibres 
pass to the skeletal muscles and not to the viscera. 

3. The innervation of the frog is built up on the same plan as is 
that of the mammal, there being a visceral outflow from the sacral 
region (9th and 10th nerves) which passes to the bladder by the nervus 
errigens, and another from the lumbar region (7th nerve) which passes 
to the bladder by the sympathetic. The gap between the two corre- 
sponds to the 8th nerve, which contains no visceral fibres. 
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THE EFFECT OF A MEAL ON THE EXCRETION OF 
NITROGEN IN THE URINE. By OTTO VERAGUTH, 


M.D., Zurich. (Twelve Figures in Text.) 


From the Department of Pathological Chemistry, University 
College, London. 


Dr TscHLENOFF? published in 1896 an interesting paper from the 


Laboratory of Professor Drechsel, in which he showed that the 
quantity of nitrogen eliminated per hour after a meal did not steadily 


_ rise in the human subject to a maximum and then as steadily fall, but 


showed two maximum points, so that an interrupted curve was obtained 
as against the final rise and fall which older observers believed to occur. 

This new fact is contrary to the teaching of even the most recent 
text-books which still state the results of Becher? and Voit, so that it 
appeared of interest to investigate the point. 

Becher as long ago as 1855 showed that the hourly output of 
nitrogen after a midday meal rich in proteids was followed even as 
soon as the second hour by an increase in the urea output, which rose 
steadily hour by hour to the fifth hour, when it reached its maximum 
and then more gradually fell. 

Voit* in experiments he also did on man after a meal consisting of 
meat and eggs, found that even during the first hour there was a 
distinct increase in the urea excretion, which steadily rose up to the 
seventh hour, when it reached its highest point, and then, slowly, during 
the next seventeen hours, declined. | 

Ludwig put these results together in a curve in his text-book, and 
these have been copied from text-book to text-book and accepted asa 
settled fact. 

Panum*‘ who experimented with a dog, collecting the urine by 


1B. Tschlenoff. Correspondenz-Blatt f. Schweizer Aerzte 1896, No. 8. 
® Becher. Studien tiber Respiration 2. Absch. Zurich, 1855. 

> Voit. Physiol.-chem. Untersuchungen. Augsburg, 1857. 

*Panum. Nordiskt. med. Arkiv., No. 12, 1874. 
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means of a catheter, found that with a meat diet some increase in the 
urea output occurred, the rise reaching its maximum between the third 
and sixth hour, and that by the seventh to the 74 hours after the meal 
a half of the total nitrogen given had been eliminated. 

Falck’ also showed with what rapidity @ given quantity of nitrogen 
taken at one meal is eliminated in the urine, and practically confirmed 
the results of Panum. 

Feder* and Graffenberger® came to practically the same results, 
so that Tschlenoff’s experiments became of greater interest, and it 
was necessary before accepting them—as they were performed on a 
single individual—to repeat them. 

At the suggestion of Prof. Vaughan Harley, I decided to in- 
vestigate the subject, and beg here to express my gratitude to him 
for his kind assistance and advice throughout the experiments, which 
were carried out in his laboratory. 

Tschlenoff, in his experiments, took a proteid diet consisting of 
200 grams of meat, 300 c.c. of tea and 100 grams of bread, in the 
morning after having emptied his bladder, collected the urine hourly, 
and found in the first experiment quoted, the first rise in the nitrogen 
output reached its maximum by the third hour, falling somewhat 
during the fourth and fifth hour to rise steadily during the sixth hour 
to a higher point than the maximum at the third hour, and then fell as 
suddenly during the seventh, eighth and ninth hour, when it was even 
lower than the hour preceding the meal. 

In the second experiment the first maximum lasted during the 
third and fourth hour, there only being a small fall during the fifth 
hour, and then the principal maximum was reached at the sixth hour 
and as progressively fell during the seventh, eighth and ninth hour. 
The same occurred in the third experiment. 

Tschlenoff considered the first rise during the second and third 
hour to be due to an absorption from the stomach, the fall between the 
fourth and fifth hour occurring while the acid chyme was passing into 
the intestines there to be neutralised and digested, and the second 
rise to occur when the principal absorption was taking place in the 
intestines. 

He had hoped by means of this urea analysis after a proteid diet, to 
be able to differentiate the activity of gastric absorption, so that it might 
be of service in the diagnosis of diseases of the stomach. 


1 Falck. Beitrige zur Physiol., Pharmakol. u. Tozikol. Stuttgart, 1875. 
* Feder. Zeit. f. Biologie, 188T. * Graffenberger. Zeit. f. Biol. 1891. 


. 
4 
5 
As 


114 0. VERAGUTH. 


In connection with the theory of circulatory and organic proteids 
these results of Tschlenoff’s are of the greatest theoretical interest. 

The experiments I performed can be divided into two groups. First, 
a repetition of Tschlenoff’s experiments on a diet rich in proteids, as 
in his case, and further on a diet containing only a small quantity of 
proteids, and upon an ordinary mixed diet. __ 

The second group of experiments, the further investigation into 
the quarter or half-hourly elimination of nitrogen after a meal, to see if 
any further rise and fall would be demonstrated. 

In an investigation like the present, before carrying out the experi- 
ments on myself, it was necessary to be sure that as far as chemistry 
could reveal, my stomach was not only apparently normal, but that it 
was functionally active. For this purpose I not only made a chemical 
analysis of the stomach contents after a test breakfast, but also investi- 
gated the digestive powers after its removal from the stomach, and found 
them in every way normal, so that any danger due to pathological 
conditions would in this research be obviated. 

The method employed throughout the experiments was on waking 
in the morning to empty the bladder, and then during each hour, half- 
hour, or quarter-of-an-hour, collecting the urine separately. 

In the second group of experiments, when it was necessary to 
collect the urine every quarter or half-hour, a cup of weak tea was 
drunk in the morning on waking in order to act asa diuretic. Through- 
out the experiments very little exercise was taken except on one occasion 
when, on the evening beforehand, three hours’ skating had no effect on 
the curve during the following day. 

The urea estimation was done by means of the Knop-Hufner 
method, as in experiments like this it is important to have a rapid 
method of estimating the quantity of urea, rather than a more 
complicated and more accurate one which would require greater 
time, and owing to the complications possibly contaminate the results. 
In all cases the quantity of nitrogen obtained was corrected to tempera- 
ture and barometer, and with control analysis was found to be suffi- 
ciently accurate for the purpose required. 

_ The first group of experiments, in which the urea output. was esti- 
mated each successive hour after a meal containing proteids, is practically 
a repetition of Tschlenoff’s experiments. 
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The Nitrogen Elimination on a diet rich in Proteids, 
After a night’s fast a meal consisting of 180 grms. of dried meat, 
2 eggs, and 50 grms. of Nestle’s condensed milk with 500 grms. of — 
water was taken. In this case the quantity of nitrogen in the various 
articles of diet was estimated by Kjeldahl’s method, and the total 
was found to be 175 grms. 


Expr. 1. Diet rich in Proteids ‘at 8.80 a.m. 


Amount Amount Amount Amount 
Time of urine of urea Time of urine of urea 
7 250 c.0. 8 61 1°05 grs. 
8.80 83 0°62 grs. 4 68 122 
9.30 89 0 5 60 1°16 
10.380 83 0°84 6 115 1°98 
12 96 1°36 7 
1 61 0°70 8 142 1°75 
2 64 109 9 265 1°75 


2 At 12a.m. two cups of weak tea were taken and at 7 p.m. two eggs and tea. 


80 9 90 19 9011 90 19 30 1 30 2g I 7W 
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In the above experiment the quantity of urine and the urea before 
the food was taken was not estimated, but at 8.30 at which time the 
diet was taken, it contained 0°62 grms. of urea. It fell somewhat at 
9.30 to rise at 10.30 to 12 to the first maximum, when it reached to 
1:36 grms. of urea. There was then a fall at 1, a slight rise at 2. 
The principal rise of the second curve was at 6, when 1°93 grms. of 
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nitrogen were eliminated ; after which the eggs were taken, so that the 
fall, although apparent, is not so marked as it otherwise would have 
been. 


In this experiment we have the two rises as described by Tschlen- 
off; the first three hours after the meal, and the second eight hours 
after. | 


Exp, 2. Diet rich in Proteids ‘at 8.80 a.m. 


Amount Amount Amount 

Time of urine of urea Time of urine of urea 

7.80 526 c.c. ? 3 94 c.c 1°46 grs. 
8.30 $1 0°57 grs. 4 75 1°48 
9.30 116. 117 5 76 1°25 
10.30 96 1°29 6 81 1°46 
11,380 260 1°29 7 76 1°38 
182 2°15 8 67 1:02 
2 77 1°19 9 72 1°20 


1 Two cups of tea taken at 7.80 and 10.80.a.m., nothing else until after 9 p.m. 
2.0 4 


Fre, 2. 


It is seen here that after the diet there is a rise during the first 
three hours, and then a very marked rise during the fourth hour, after 
which there is a fall, followed by two successive rises and then the last 
fall. Here the curves are not so well marked; and the first rise, that 
at 1 p.m., is more marked than the second. At the same time, it is seen 
that there is not a steady increase in the quantity of urea during the 
first five hours as the teaching of Voit would show. 
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Exp. 8. Diet rich in Proteids taken at 8 a.m. 


Amount Amount Amount Amount 
of urine of urea Time of urine of urea 


320 6.0. 1-25 grs. 
200 

133 
105 0°86 


i 


2.0 
1.9 
1.8 


o 
~ 
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In this case the first rise occurred at 10 and 12, there then being 
a fall and the second marked rise at 4 p.m. which was not traced 
descending. 

In the above experiments, it is seen that they agree with the results 
obtained by Tschlenoff, there being a rise in the quantity of urea 
during the first two or three hours, when a fall occurs during the 
next one or two hours, and then a second steady rise to about the 
sixth or eighth hour, when the maximum as a rule is reached. In 
the experiments 1 and 2 the hourly collections continue until 9 p.m. 
in order to follow the descending curve. The tea taken was merely 
as a slight diuretic and did not influence the curves to any marked 
extent. 


The nitrogen elimination on a diet containing a minimum 
amount of proteids. 


The diet consisted of coffee and some bread and butter; no solid 
food being taken during the rest of the time. 


PH. XXI. 
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Expr. 4. Diet poor in Proteids ‘at 8 a.m. 


Amount Amount Amount 
Time of urine of urea Time of urine of urea 
7.30 45 o.c. 1°15 grs. 12 185 o.c. 1°17 grs. 
8 45 0 1 115 1 
9 129 231 2 90 1-00 
10 535 1°12 8 24 0°37 
187 1°47 
1 A cup of tea at 7.30a.m. 
2.3} 
2.1 
2.0 
1.9 | \ 
18 
1.6/3 
1.5 
14 
1.2 
1.0}— 
0.9 
0.8 \ 
0.7 
0.6 
0.5}— \ 
0.4}+— 
0.3 
Fie. 4. 
It is seen in Experiment 4 that there was a rapid rise in the 1 


quantity of nitrogen eliminated after the meal was taken at nine, 
followed by a fall at ten and then a rise at eleven and one, after which 


there was a marked fall. | 
Exp. 5. On the same diet as 4. 
| Amount Amount Amount Amount . 
Time of urine of urea Time of urine of urea F 
50 . 
8.30 086 12.80 115 
9.30 221 0°99 1,30 82 0°83 
10.30 151 0-98 2.80 56 0°72 
! After this meal there was a slight rise during the first hour and 
then a fall, followed by the second rise during the next two hours when | 


y the steady fall occurred. 
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In the above two experiments (4 and 5) in which only coffee and 
bread and butter were taken, there is seen to be the same two rises, 
although not so distinctly separated, as in a diet rich in proteids, and 
they both occur rather sooner. 


The Nitrogen elimination on a diet containing a moderate 
amount of proteids. 


Exe. 6. Diet mediumly rich in Proteids. Nestle’s milk and about 200 grammes of 
biscuit were taken at 8.30. 


Amount Amount Amount Amount 
Time of urine of urea Time of urine of urea 
7.30 150 c.c. 8°97 grs. 11,30 25 0.0, 0°70 grs. 
8.30 88 1°27 12.30 68 191 
9.380 45 118 1.30 80 0-91 
10.80 61 1-24 2.30 16 0°47 
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In this case there is a slight rise two hours after the meal followed 
by a fall, and then a more marked rise four hours after the meal which 
is followed by the last fall, so that one has two curves, the second 
being the maximum one. 


Exp. 7. The same diet was taken as in Exp. 6 at 8 a.m. 


Amount Amount Amount Amount 
Time of urine of urea Time of urine of urea 
7 — 11 56 1°18 grs. 
8 52 c.c. 0°70 grs. 12 54 1°09 
9 214 1°93 1 80 1°15 
10 77 1°07 2 124 0°84 
1.9] 
18 
14 
1.2 
10 
oot 
04 
4 
Fie. 7. 


In this experiment the first rise followed immediately after the 
meal, reaching a maximum in the first hour, and was followed by a fall 
during the next hour, and then an alternate rise and fall in the two 
successive hours, when the steady fall occurred. 

In these two experiments the nitrogen taken was moderate in 
amount although the quantity was not estimated, and the curves 
produced were also less pronounced and of shorter duration than on 
a diet rich in proteids. 

Having obtained the above results, Professor Harley drew my 
attention to the fact that he had found while working with Mosso’s 
Ergograph that the mere taking of food caused an immediate increase 
in the muscular power, so that it was possible the increase of power 
might be due to a reflex stimulation causing the increased metabolism 
and output of nitrogen. The first rise during the third hour after a 
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meal might be due to the increased muscular action of the stomach 
and intestines, due to the stimulation of the food. 

In order to see if there was any increase in urea caused by the 
mere taking of food, in the following experiments the urine was 
collected every quarter or half-hour, to see what took place during the 
first three hours. 


Exp. 8. 180 grammes of meat, 50 grammes of Nestle’s milk, 2 eggs and 500 grammes of 
water were taken between 8.30 and 9.15, the urine being collected every quarter of 


an hour. 


7 15 80 45 | 


Amount Amount Amount 
of urea Time of urine of urea 
45 


} 15 30 45 9 15 30 45 10 15 3045 111530 


“ 


| 


Fre. 8. 


Between 7.45 and 8.30, when the meal was commenced, there was 
a fall in the quantity of urea, this continued to 9.15, after which there 
was a slight rise at 9.30, followed by a second fall up to 10, when the 
first big rise described by Tschlenoff occurred up to 11.30. 


Amount 
Time of urine 
| 8.80 31 i 
! 9 80 0°50 10 86 0°17 
9.15 22 0°31 11.30 260 2°15 
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Exp. 9. Diet the same as in Exp. 8 between 8.15 and 8.45 a.m. 


Amount Amount Amount 
Time of urine of urea Time of urine of urea 
8.15 820 c.c. 1°25 grs. 10 40 .c. 0°82 grs. 
8.45 220 0°25 10.80 53 0°42 
9 60 0°48 ll 52 0-44 
9.15 62 0°42 12 101 1°27 
9.80 81 0.18 


Fie, 9. 


The meal was taken at 8.15 to 8.45; during this time there was a 
fall in the quantity of urea from 1°25 grammes to 0°25 grammes; at 
nine it rose to 0°43 grammes, to remain practically the same height at 
9.15, when the fall occurred at 9.30 and then a gradual rise up to 
twelve o'clock. 

It is seen then that on a diet rich in proteids in the above two 
experiments the quantity of nitrogen eliminated falls during the meal, 
to be followed immediately after by a slight rise before the first rise 
described by Tschlenoff. 

The experiments were now repeated on a diet poor in nitrogen. 


Exp. 10. Diet poor in Proteids at 8.15 a.m. 


Amount 
of urine 


250 c.c. 
156 
180 
84 


9 15 9045 10 15 90 45 11 15 9045 12 | 
oa} #28 
| 
q Amount Amount Amount 4 
Time of urine of urea Time of urea 
8.15 88 0°45 grs. 9.30 0°62 grs. 
8,30 76 0°87 10 0°70 
8.45 25 0°35 10.80 0-80 ‘ 
| 9 94 0°68 11 0°68 
if 
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At 8.15 coffee and bread and butter were taken, this was followed 
by a rise from 8.15 to 8.30, and fall from 8.30 to 8.45. A rise occurred 
at nine, after which there was a gradual rise up to 10.30. 


Exp. 11. Diet poor in Proteids at 8.15 a.m. 


Amount Amount Amount Amount 
Time of urine of urea Time of urine of urea 

8.15 8 .c. 0°81 grs. 9.45 96 c.c. 0°24 grs. 
8.45 72 0°97 10 64 0°32 
9 69° 0°53 10.30 104 0°89 
9.15 125 0°31 ll 73 0°64 
9,30 250 0°25 12 135 117 

1a 8 15 3045 9 15 30 45 10 15 90 45 11 15 30 4512 
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The same as in Experiment 11. Coffee and bread and butter were 
taken at 8.15.. Immediately following this at 8.30 was the first rise, 
followed by a more marked fall at 9.0, 9.15 and 9.30, when there was a 
gradual rise to 10.30 and then a slight fall at 11.0 followed by a rise 
to 12.0. 

In these experiments it is seen that the rise following the food was 
marked, but the fall was still more brought out during the next hour. 
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Exp. 12. In this experiment Nestle’s milk and 120 grammes of biscuits were 


taken at 8 a.m. 
Amount Amount Amount Amount 
Time of urine of urea Time of urine of urea 
52 0°70 grs. 9.30 87 o.c. 0°37 grs. 

8.80 120 1°13 10 0°70 
8.45 52 0°47 11 56 1°18 
9 0°33 

18 8 153045 9 1530 45 10 1530 45 ll 

11 

10 

0.9 

08 \ 

0.7 
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The above experiment brings out in a most typical manner the 
curve following the diet. The food being taken at 82.m, when 0°70 
grammes of urea were excreted which was followed by a rise at 8.30, 
‘immediately after which a fall to 0°47 at 8.45 and 0°33 at 9.0. At 9.30 
was @ very slight rise to 0°37, more marked at 10.0 to 0°70, and con- 
tinuing on to 11.0 when it reached 113. So that we have in this 
experiment most typically brought out a rise immediately after the 
food has been taken, followed by a fall before the first rise described by 
Tschlenoff occurs. 

The results brought out by this second group of experiments show 
that after food containing proteids, there are three rises in the quantity 
of urea eliminated, and not merely the two rises described by 
Tschlenoff. 

In the first group of experiments, in which the analysis was only 
carried out every hour as was done by Tschlenoff, the same results 
were found, but when the analyses were reduced to every quarter or 
half hour, there is seen the first rise which occurs immediately after 
the food has entered the stomach. In fact, it begins so quickly after 
the food has been taken that it is impossible to explain it by any 
absorption from the stomach. It would seem to be more probable that 
it was due to an increased metabolism following the muscular action of . 
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swallowing, and the general motility of the stomach and intestines 
which are known to occur in the taking of food, as it would be hardly 
possible for an absorption of proteids to have taken place from the 
stomach and their elimination by the kidneys in so short a time. 

It interested me to investigate still further whether these character- 
istic curves with three distinct rises would be altered by living on a 
mountain, considering the totally changed appetite and diuresis which 
occurs, so these experiments were repeated on exactly the same diet as 
_ employed in London at Seewis in Switzerland 1000 metres above the 
sea level, both during the time of the acclimatisation and after. The 
results obtained were exactly conformatory to those above described, so 
that the altered appetite, and other conditions produced by living in 
the mountains, had no influence on these curves. 


RESUME. 


1. The output of nitrogen in the urine after a meal rich in 
proteids does not in the human being occur in a steady line, but in a 
curve which shows three rises; one immediately after taking food, 
the second two to four hours after food, and the third from six to 
seven hours. 

2. If the food contains a small quantity of nitrogen the three rises 
are still visible. The first immediately after the meal is the most 
constant; the second and third vary, sometimes one and sometimes the 
other being most marked, and are not so defined as on a diet rich in 
proteids. | 

8. This curve giving the three rises is the same whether the 
subject is living on the sea level or a 1000 metres high on the moun- 
tains, in spite of the change in appetite and diuresis, as well during, as 
after, the acclimatisation. 
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LUMINOSITY AND PHOTOMETRY. By JOHN BERRY 


HAYCRAFT, Physiological Department, University College, 
Cardiff. (Eight Figures in Text.) 


WHEN we strike a musical note first gently and then more forcibly, 
the sensations which are produced will be found to differ in what is 
called ‘loudness,’ This change in quantity is not accompanied by 
any change in the quality of our sensations; the pitch and timbre of 
the note remain the same. It is possible therefore in the case of sound 
to ‘abstract’ loudness, and to experience variations of loudness quite 
apart from variations of pitch or timbre. 

This is not the case in the sense of sight. With every variation 
in the strength of the luminous rays we have qualitative changes in 
the sensations that they produce. The flower of the geranium, scarlet 
in bright sunshine, becomes crimson in the shade; the yellow-green 
of leaves under a similar change of illumination becomes green. Rays 


of sunlight passing through a prism in small enough quantity appear 


as a whitish grey spectral band. On increasing the illumination one 
end of the band appears of a dull red, the rest bluish grey. On 
increasing still further the illumination the dull red end gradually 
changes into red and orange, and finally yellow appears, while the 
bluish grey area turns into green, blue and violet. The sun’s rays 
themselves without the intervention of a prism are yellow, and of a 
paler yellow, almost white by comparison, when we view them in di- 
minished quantity reflected from the surface of the moon. It is obvious 
therefore that we cannot abstract ‘brightness’ from our sensations of 
light as we can abstract ‘loudness’ from our sensations of sound. 
Bearing this point in mind let us study the methods used in isochro- 
matic and heterochromatic photometry. Isochromatic photometry is a 
measurement of the illuminating power or luminosity of two or more 
rays, which rays differ from each other physically in quantity alone. 
Thus we compare with each other two candle flames, the light reflected 
from two red surfaces, or the rays from two spectra of the same wave- 
length. In these measurements one source of light is made a standard, 
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and the other is compared with it. In the case of the candles we 
so adjust their distances from a screen that they each equally illuminate 
the shadow of an object that the other one throws upon the screen. If 
the shadow illuminated by S—the standard candle—at the distance 
of one metre gives rise to the identical sensation that is given by 
the shadow illuminated by another candle X at the distance of two 
metres, we infer by the law of inverse squares that the candle X has 
four times the illuminating power of S, or, as we say, it has four candle 
powers. It will be observed that in these measurements we are con- 
scious of the identity of the sensations produced by two illuminated 
shadows. We infer that the shadows are equally illuminated physically, 
and in consequence that the candle at two metres must have an illumi- 
nating power four times as great as that of the candle at one metre 
from the screen. The results obtained by this method are very reliable 
because we can detect to a nicety whether or not two sensations are 
identical, and we are pretty sure of the law of inverse squares. In 
isochromatic photometry, as it will have been observed, our measure- 
ments are those of a physical quantity, we determine how much illumi- 
nating power one candle has in proportion to the other. 

We have now to ascertain precisely what is meant by hetero- 
chromatic photometry. We might suppose that we are here dealing 
with a physical quantity, and mean the measurement of the energy of 
the light given from one portion of the spectrum as compared with the 
energy given from another part, or to take another example, the energy 
from one coloured surface as compared with the energy given off from 
another differently coloured surface. Such measurements have indeed 
been made, notably those of J. P. Langley’, and these are measure- 
ments of a physical quantity, and to such measurements the term 
heterochromatic photometry might reasonably be given. The term 
heterochromatic photometry as used by Helmholtz and others means 
however quite another thing, it refers not to a measurement of physical 
quantities but to the measurement of the feelings or sensations that 
the physical agencies have wpon us. Isochromatic photometry relates 
to physics, while in the pursuit of heterochromatic photometry we 
enter at once the sphere of physiology and psychology. It is a pity that 
the term ‘ photometry’ should be attached to two such totally different 


If in heterochromatic photometry we find that we have to diminish 


1 Energy and Vision, Philos. Mag. and Journal of Science. 1889. 
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the quantity of light coming from the yellow part of the spectrum 
in order that it may appear equally as bright as the red, we must not 
infer that as a physical quantity the yellow is greater than the red—the 
reverse is the case. As Langley has shown, there is no correspondence 
between the energies of two lights of different wave-length and the 
effects that they produce on consciousness. Thus the light of wave- 
length ‘7 ~ has energy represented by the number 21°4, and its effects 
on consciousness may be represented by the number 012. On the 
other hand light with the wave-length 5 ~ has an energy represented 
by the number 17°3, while its effects on consciousness may be repre- 
sented by the number 7°58. Langley’ has in fact shown that three- 
quarters of the sun’s energy lie in the infra red portion of the spectrum, 
and have no effect on consciousness through the organ of vision. 

When therefore we find that the yellow of the spectrum produces 
a greater feeling of brightness than does the red, although the energy 
of the red is greater than that of the yellow, we infer that this 
brightness or luminosity is something associated with our own peculiar 
organisation, it is a physiological not a physical fact with which we 
are dealing. When by heterochromatic photometry we draw a curve 
representing the luminosity of different portions of the spectrum this 
curve represents the effect of different portions of the spectrum upon us. 

Having clearly ascertained that in heterochromatic photometry we 


_ are dealing with feelings or sensations, we must be careful not to over- 


look some of the more important laws of feeling; we must view the 
case from the standpoint of the psychologist. 

We have seen that we cannot experience changes in brightness 
apart from changes in quality, so that when we compare two colours 
with each other and say that one is brighter than the other we have 
to ascertain exactly what we mean by this expression. We might 
suppose that the luminosity of which we now speak, though not a 
physical quantity, is a quantity having reference to the amount of 
visual sensation: this is not quite true. If we place before the eye 
a cloth of velvet so that the field of vision is black, and if we place 
in this field a yellow and a red object of approximately the same colour 
as middle spectral yellow and red, the yellow will produce the greatest 


' effect on sensation, This we can prove in many ways, as by diminishing 


the size of the coloured spots, when it will be found that yellow suffers 
the greatest diminution without becoming invisible. Under these 


1 Reports Brit, Ass. 1894. 
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conditions the effect upon us of the yellow is greater than the effect 
of the red. If now a white cloth be placed in front of the eye instead 
of the black one, it will be found that the red spot will suffer the 
greater diminution in size without becoming invisible. Under these 
conditions the effect upon us of the red is greater than the effect of 
the yellow’. 

We cannot therefore say that luminosity is a measure of sensation, 
for under one condition yellow, and under another condition red has 
the greater effect on sensation. Again, if we look at a white sheet of 
paper, and shake upon its middle a drop of ink, we have a marked 
sensation, yet we cannot say that the paper has become more luminous. 
We know—by scientific inference—that less light comes from the inked 
paper, that in all probability the retina is not so stimulated by it, yet 
nevertheless a strong sensation is produced by the ink spot. The 
reason is that sensation is produced by any change in the condition 
of the visual organ, both when it passes into activity, and when portions 
of it pass into the condition of rest. The ink dropped upon the white 
paper threw that portion of the retina on which its image fell into 
a condition of rest, whereas other parts of the retina remained in the 
condition of excitement as indicated by electrical and other changes. 
In this case the blacker the spot and the more rested the portion of 
the retina on which the image of the spot fell, the greater the sensa- 
tion. We cannot therefore define luminosity as the quantity of visual 
sensation. 

We may however attempt a definition of luminosity both from the 
psychological and physiological aspect. The psychological definition 
must of course be given in terms of sensation alone, and from this point 
of view we may term it ‘sensory’ deviation from black. It will sub- 
sequently be shown that luminosity may be measured by the number 
of just-discernible differences between a light or colour and black or 
total darkness. Thus if we compare the luminosities of a grey with 
white we can measure them in the following way. 

Take a black pigment and mix some white with a portion of it 
until a change in appearance can just be detected; this is sensory step 


1 A similar experiment may be performed with spectral colours. When we observe a 
spectrum it is situated under ordinary circumstances in the midst of a dark field, and the 
_ yellow and green of the centre affect us more than the red and violet ends, If however 
the spectrum be projected upon a white screen and if that screen be strongly illuminated 
by white light from which the spectrum itself is shaded by a piece of cardboard, the ends 
of the spectrum chiefly affect us and the centre can be made more easily to merge with 
the surrounding white field. 
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number one. Start with this mixture, and add more white until a 
difference is again seen; this is sensory step number two. Continuing 
in this way we may form, say after twenty steps, a grey identical with 
the grey which we are investigating ; and finally, say after one hundred 
steps, we may match the white. 

From the physiological point of view luminosity may provisionally 
be taken to be the ‘activity of the visual organ.’ Darkness, black 
images on the retina produce effects on the visual organ which we 
may compare with the resting condition of a muscle or gland. Light 
on the other hand produces activity which we may compare with the 
active condition of the muscle or gland. 

We have here to steer clear of metaphysical difficulties, for it may 
be contested that our sensations are just as much evidence of physio- 
logical activity as are currents in the retina or brain. This may at once 
be admitted, for it is but for convenience of nomenclature that we call 
them psychological; we cannot separate physiology from psychology. 
Light stimulates the visual organ, producing (1) chemical change, 
(2) electrical change, (3) contraction of the pupillary muscles and 
(4) sensations. We may and do call the first three changes physio- 
logical, and the fourth psychological; it matters little what we call 
them. The real interest lies in placing the facts electrical, the facts 
chemical, and the facts sensational side by side, noting differences and 


points of similarity, each set of facts throwing light upon the others. 


In the present paper the attention will be confined to the sensations 
produced by light, and we shall view luminosity as a sensory deviation 
from black. 

The chief problem to be solved in heterochromatic photometry is 
the luminosity of different parts of the spectrum, seen with different 
quantities of physical light, lesser problems are the luminosities of 
coloured pigments and reflecting surfaces. When comparing two 
portions of the spectrum or two coloured surfaces with each other, 
it is customary to reduce the brightness of the colour which appears 
the brighter until they appear equally bright. Thus if a yellow 
pigment appears brighter than a red the light falling upon the former 
is reduced say to one half, after which it appears as bright as the red: 
the yellow pigment has therefore twice the luminosity of the red. 

But many persons affirm that they are unable to make such com- 
parisons between two different colours, or between one colour and a 
grey, and they cast doubts upon the value of the method: as we have 
seen we cannot abstract brightness as we can abstract loudness. 
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Helmholtz himself frankly admits his inability with any degree 
of accuracy to compare colours with each other in respect of their 
luminosity, and to obviate in some measure this difficulty he has 
introduced a method whereby we can compare with each other the 
luminosities of colours—say red with yellow—by working step by step 
through a series of intermediate steps’. 

Some observers, on the other hand, place great reliance upon this 
method of photometry by simple inspection, notably A. Kiénig in 
Germany and Captain Abney in this country. The former has made 
a most elaborate investigation of the luminosity of the spectrum, 
comparing the brightness of each part with the green of a wave- 
length of 537%. 

Captain Abney’ has investigated not only the luminosity of different 
portions of the spectrum, but also the luminosity of many pigments used 
for decorative and other purposes. In these experiments he compares 
the colour to be measured with white light, the amount of which can 
be varied by the use of very ingeniously constructed rotating sectors. 

Iam myself like Helmholtz unable to obtain results of any great 
accuracy by the methods just described, yet I do not doubt the value of 
the results obtained by Kénig and Abney. It is probable that the 
value of these results depends almost entirely upon great experience 
and practised judgment, and that the method itself is far more compli- 
cated than at first sight appears. As already remarked we cannot 
abstract brightness, and without previous training we cannot say of a 
yellow that it is as bright as, or brighter than a red. But we all of us 
possess more or less of this previous training, we are all of us more or 
less capable of forming photometric judgments. Every sunset shows us 
that the yellow marigold stands out of the gloom longer than the red 
rose, and that the white lily remains last of all. Thus we learn to look 
upon yellow as more luminous than red. When we see the two colours 
together and pronounce yellow to be the brighter, we do not see it as 
brighter, but we know by past experience and experiment that it is 
brighter. 

But whereas the method of simple inspection will be of value only 
to the few who have already obtained large photometric experience, 
there are other methods which can at once be used by anyone possessed 
of normal eyesight. Before describing any such method it may be well 


1 Physiol. Optik, p. 434. 1892. 
2 Beitriige zur Psychol. u. Physiol. d. Sinnesorgane, p. 311. 
3 Phil, Trans, Royal Society 1886 and 1892. 
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to insist on the fact that inasmuch as our problem is one of physiology 
rather than of physics, it is necessary in all our experiments to bear in 
mind that the eye itself is subject to enormous change in its sensibility. 
This we must now consider. 


The dark and the light adapted eye. 


By daylight, in the laboratory, the eye is in the condition of light- 
adaptation. If the room be darkened, we can at first see nothing at all, 
but after some minutes we see faint. glimmers of light passing round the 
sides of ill-fitting shutters, and after waiting an hour the whole room 
seems full of light. During this time the eye has become sensitive to 
the slightest stimulus, and it will remain for long periods of time equally 
sensitive to light. This, the dark adapted eye, on account of its uniform 
sensitiveness is admirably suited to investigate the luminosity of spectral 
or other rays which can be admitted into the dark room in which the 
observer sits. It has another advantage, for the iris in the dark adapted 
eye dilates to its fullest extent and remains as a narrow ring at the edge 
of the lens. The amount of light admitted to the eye remains therefore 
a uniform quantity. 


Photometry by the minimal-effective stimulus. 


Under this title I would class such methods as the ‘extinction 
method’ described by Abney’, and I use this title in preference to his 


own, because it expresses the nature of the method in terms familiar to 


the physiologist. Abney by the use of diaphragms and his rotating 
sectors diminished the quantity of light falling upon the eye until it 
could only just be seen. When experimenting with spectral rays he 
found that certain portions of the spectrum could bear greater reduction 
than others and still be seen, and he plotted out a curve showing the 
potency of each part of the spectrum. He worked with the dark 
adapted eye, the observer remaining for at least ten minutes in the 
dark room before the experiment was commenced. He found that the 
green portion of the spectrum a little nearer the red than the Frauen- 
héfer’s line Z can bear the greatest reduction and still be seen, and 
that the potency of the rays diminished towards both the red and violet 
ends of the spectrum. 

In my own experiments I have determined the minimal effective 
stimulus both for the dark and light adapted eye, and my results in the 


1 Phil. Trans. Royal Society 1898. 
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former case agree with those obtained by Captain Abney. For the 
dark adapted eye the method was as follows:—A hole was bored 
through the partition separating from each other two dark rooms, 
The rays’ the luminosity of which it was desired to test were projected 
through this aperture into the room in which the observer was placed. | 
When experimenting with spectral rays, a diffraction grating was used 
with a view to obtain equal dispersion throughout all parts of the 
spectrum. The grating was placed on a stand which permitted of its 
rotation, so that by the help of a graduated scale, adjusted to the 
grating, it was possible to project through the aperture a ray of any 
desired wave-length. The hole in the door was covered by ground 
glass upon which a piece of cardboard was pasted with an aperture 
through its centre 1 mm. across. The observer was wheeled backwards 
and forwards on a graduated railway with one eye on a level with the 
aperture in the partition. When near to this it appeared as a coloured 
spot, on receding from it all colour vanished, and it appeared as a spot 
of brightness and finally disappeared. When the position was reached 
at which he could just see the light and no more, he covered his head 
with a velvet cloth while an assistant struck a match and noted the 
distance of his eye from the 1 mm. aperture in the partition. Rays at 
about Frauenhdéfer’s line H—the green of the spectrum—could be seen 
at the greatest distance, and were therefore the most powerful in the 
productiun of a minimal sensation. In Fig. 1, the results obtained are 
plotted in a curve. The abscisse are wave-lengths of millionths of a 
millimetre, and the ordinates are the distances in metres of the eye 
at the time from the ground glass. The curve rises sharply from the 
violet end of the spectrum and reaches its maximum at 525, and falls 
slowly towards the red end. The maximum in the green is therefore on 
the violet side of the spectrum, the middle of which is approximately 
in the green side of the centre of the yellow. Every part of the curve 
on the violet side of the spectrum is higher than the corresponding 
portion on the red side. 

The above results are not expressible i in terms of the sizes of the 
retinal images produced, for on account of the smallness of the spot 
of light, and the distance at which it was observed, these images were 
excessively small like those of a star. We have to deal rather with the . 
amount of light which entered the eye than with the size of the image, 
and this amount can be of course calculated by the law of inverse 


In this and in other experiments the source of light was the gas flame. In many 
respects the arc light is preferable, but it is not applicable to every kind of experiment, 
PH, XXI. 10 
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squares, Thus if one ray can be seen at the distance of one metre 
and another at the distance of two metres, the potency of the second 
light is four times as great as the potency of the first. 


i 
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Fra. 1. 
Potency of spectrum to produce just effective stimuli. 
The abscissm are wave-lengths in millionths of a millimetre. The ordinates are 
the number of metres at which the spot of light can just be seen. The centres 


of the blue, green, yellow and red portions of the bright spectrum are marked 
with letters. The plain curve is that of the dark adapted eye; the dotted curve 


that of the light adapted eye. 


In my own case the following are the positions of the centres of the 
chief colours of the spectrum. The numbers agree fairly well with those 
quoted by Helmholtz in his Physiological Optics and Rood in his 
Modern Chromatics, but no observations of this nature can be taken too 
rigorously inasmuch as the colours shift their position on varying the 
brightness of the spectrum. 

The centre of thered = 648 
” ellow = 580 
” » » » reen = 525 
» » » » Dine .= 456 

Calculating in the manner indicated from the curve in Fig. 1 and 
taking the potency to produce a minimal sensation of the central red 
as unity we have the following numbers. 

Potency of centralred .= 1 

» yellow = 67 
» green = 10°9 
” ” ” blue = 3 
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In the light adapted eye the results obtained are somewhat different 
from the above. When we look say at a red object in broad daylight, 
although it may be placed upon a black background, the amount of 
physical light reflected from this background would in the dark room 
produce the sensation of whiteness or light grey upon the dark adapted 
eye. When therefore we diminish the size or the luminosity of the red 
object so that it is but just seen we are producing a minimal effective 
sensation upon an already highly excited organ. As we shall see, this 
highly excited organ does not react in the same way as the minimally 
excited dark adapted eye, 

In performing this experiment the arrangement was similar to that 
given for the dark adapted eye except that the observer was placed in a 
room well lighted with gas, with the walls whitened except for the black 
partition through which the spectral rays were passed. The aperture 
through which the rays passed was protected from white light by sur- 
rounding it with a black tube of metal so that little or no white light | 
was reflected from the surface of the ground glass which served to — 
scatter the spectral ray. Under these conditions the yellow portion of 
the spectrum was seen farthest off and the red if anything slightly 
farther off than the green, while the blue quickly disappeared on re- 
ceding from the source of light. Taking red again as unity we find 
the potency for different portions of the spectrum to be as follows. 

Centre of red = 1 
»  » yellow = 1°49 
»  » green = 0945 
»  » Dlue = 0436 


Purkinje’s phenomenon. 

Purkinje showed as long ago as 1825: that the sensation of 
brightness is a different function of light for differing absolute 
quantities. If red and blue appear equally bright, the blue appears 
brighter on diminishing the illumination. Helmholtz has extended 
these observations to spectral colours and it is now recognised to be one 
of the most important facts in connection with retinal stimulation that 
at low luminosities the violet end of the spectrum is more potent than 
the red end, and that at higher illumination the red end is the more 
potent of the two. The experiments upon the dark and light adapted 
eye demonstrate the presence of Purkinje’s phenomena in connection 


1 Zur Physiologie der Sinne, Bd. 1. 8. 109, p. 50. 
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with minimal effective stimuli. In the dark adapted eye the blue half 
of the spectrum is the most powerful, in the case of the light adapted 
eye where the minimal stimuli are much greater physical quantities the 
red end is the more potent, the maximum of potency shifting from the 
green into the yellow portion of the spectrum. 


Experiments with colowred papers. 
In the previous experiments the eye was either adapted to darkness, 


or to a certain constant brightness. But when under ordinary circum- 
stances we examine an object, that object is illuminated by the same 


_ light which floods the room in which the observer is placed. When 


this light is changed a changed quantity of light enters the eye from 
the surface of the coloured ubject experimented upon and also from all 
other objects in the room. 

It is important therefore to study the effects of these changes of 
illumination, and as it was impossible of course to use spectral colours 
in this experiment, the light reflected from coloured surfaces was 
studied. A piece of black paper was pierced with four holes, each hole 
being 4 mm. across. Behind these a blue, green, yellow and red paper 
was pasted so that the observer saw four coloured spots on a black 
background. This was placed in a room with closed shutters, and the 
observer was seated in a graduated railway which could be pushed 
nearer to or farther from the coloured spots. The room and coloured 
spots were illuminated by a gas burner previously graduated by the help 
of a standard candle so as to give any required illumination from a tiny 
flicker up to 21 candles’. In this experiment the adaptation of the eye 
changes whenever the burner is raised or lowered. Beginning‘with a 
tiny flicker, but a small fraction of a candle power, the distance at 
which each spot can be seen is noted, and it will be found that under 
these circumstances the green can be seen furthest, then the yellow, blue 
and red. On raising the light the following order is found, yellow, green, 
red and blue, and with a bright glare, yellow, red, green and blue. 


Colours in order of potency. 
Very faint illumination. Faint illumination. Bright illumination. 


Green Yellow Yellow 
Yellow : Green Red 
Blue Red Green 
Red Blue 


1 When experimenting with very low luminosities the burner was removed to a dis- 
tance, for on turning it very low the quality of the light is altered. 
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By taking several observations with each colour it is possible to 
draw curves represenfing the distances at which the spots are seen at 
any illumination up to 21 candles, 


+ 


| 


TI 


15 
Fie. 2. 
Distances in metres at which coloured spots can be seen with illumination up 
to 21 candle-powers. 
In these curves the abscisses are candle-powers at one metre distance ; the ordinates 
are distances in metres at which the spots can be seen. The upper yellow 


curve (Y) is not shown at its commencement, to avoid confusion of the lines. 
It commences just below the green (@). 


Flicker-photometry. 

Plateau, when rotating a black disc with coloured sectors painted 
upon it, noticed that the speed at which the wheel required to be 
rotated in order that the disc should cease flickering and become of a 
uniform appearance, varied with the colour used’. Helmholtz in his 
Physiological Optics states that in these and in similar cases the results 
were due to the differences in brightness of the colours used. Plateau 
in his experiments found that the wheel had to be rotated faster for 


1 Since the publication of a preliminary notice of these results in the summer of 1896 
I have read an interesting paper by Ogden N. Rood in the American Journal of Science, 
1893, p. 173.. He constructed a series of grey papers in ascending series from black to 
white. On rotating a semidise of grey with a coloured paper of the same luminosity he 
found that they did not flicker, while with a colour of different luminosity flickering 
occurred. The scale of grey papers may therefore be utilised to measure the luminosity 
of any coloured paper, a coloured paper of high luminosity fusing with a light grey, a. 
duller colour with a dark grey. 
practical application of flickering as a method of photometry. 
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white than for yellow, for yellow than for red, and for red than for blue. 
This is the order of brightness of the ordinary pigments of these names. 

If this is the case, the rapidity with which a colour must be rotated 
in order to fuse with black will be a measure of its brightness and the 
method may be applicable to heterochromatic photometry’. A very 


rough experiment will suffice to show that this view is at any 


rate a great part of the truth. If we take two dises and paint half 
of each disc black, and the other half of one of a light grey, and the 
other half of the other a dark grey, the dark grey will be found to fuse 
with the black at a much lower speed than does the light grey. 


Preliminary experiment with a standard candle. 


Inasmuch as physiological effects are rarely if ever a linear function 
of the stimuli that produce them, but tend to increase as the logarithm 
of the stimulus, it will be well to study the flicker effects of a single 
source of light in increasing quantities of brightness. 

The observer was placed in a dark room through the door of which 
an aperture 1 cm. in diameter was bored: this was covered by a plate 
of ground glass. In the adjoining room a standard candle was placed 
with its flame on a level with the hole in the door, and the candle was 
so arranged that it could be moved to or from the door on a graduated 


runner. Between the hole in the door and the candle was placed a 


rotating semidisc of black cardboard driven by an electromotor (see 
Fig. 3) so as to cut off the light which fell upon the ground glass for 


RESISTANCE 
| Fro. 8. 
half the period of each revolution. In these experiments it is important 
to have a constant and reliable current passing to the electromotor, and 
the accumulator must be in good condition and freshly er 


1 Pogg. Ann. B. xx. 
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Under these conditions the electromotor runs at as uniform a speed 
as could be desired. In order to vary the speed of the electromotor 
coarse adjustments may be made by altering the number of cells in the 
accumulator, but it is generally sufficient to alter the speed by varying 
the resistance in the electrical current. This can best be done by 
introducing a long thin double german-silver wire which can be 
bridged at any point. By moving the bridge backwards and forwards 
the speed of the electromotor can be made to vary, and one can hit off 
to a nicety the point at which flickering just ceases. By means of 
a metronome the speed of rotation can be calculated, one observer 
counting the beats of the metronome, the other the revolutions of the 
band which drives the rotating semidisc. 

In performing the experiment with the standard candle the 
electromotor was started at a speed say of thirty times a second. 
The assistant pushed the candle away from the door until the flick- 
ering just appeared when a reading of the distance was made. The 
speed of the rotating semidisc was then changed say to twenty a 
second, and the second position of the candle was then determined. 
The curve in Fig. 4 was constructed from a number of these obser- 
vations, and shows the number of flickers for varying values of the 
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Fie. 4. 
Curve showing the relation between flickering and increasing visual stimuli. 


The abscisse are twelfths of a candle-power at one metre. The ordinates repre- 
sent the number of flickers per second. 


5 8 


light used. It will be observed that the curve ascends rapidly at first, 
and then the ascent becomes less and less abrupt. At higher levels 
with brighter illumination the curve would no doubt reach and keep to 
a maximum. The curve is one characteristic of the effects on con- 
sciousness of gradually increasing stimuli. 
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Measurement of the Spectrum by Flicker-photometry. 

In this and other methods of measuring the spectral luminosity a 
well defined spectrum of ample dispersion must be used. One of 
Hilgar’s large spectroscopes with his diffractive grating was used by 
me, and is capable of yielding excellent results. The observer was 
placed in a dark room and the telescopic portion of the spectroscope 
was passed into the room through a horizontal slit in the partition. 
The observer could move the telescope so as to observe at will any 
portion of the spectrum ; and entrance of light into the dark room by 
the sides of the telescope was prevented by the aid of a velvet cloth 
hanging over the slit and perforated by the telescope. In the eye- 
piece of the telescope a perforated card was placed so that only a small 
portion of the spectrum could be seen at a time, in order that the eye 
might remain equally sensitive to light during the experiment. By 
these means the eye of the observer was kept in the condition of dark 
adaptation, and he remained in the dark room for an hour before the. 
experiment was commenced. Between the light and the slit of the 
spectroscope a rotating semidisc was placed, driven in the- manner 
described on page 138. A skilled assistant determined the speed of the 
rotation, and took readings on the scale of the spectroscope, by the 
help of which the wave-lengths of the spectral rays were afterwards 
determined, see Fig. 5. 
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The curves in Fig. 6 embody the results obtained. The abscisse 
are wave-lengths in millionths of a millimetre and the ordinates are 
the number of rotations per second at which flickering just ceases. 
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Fre. 6. 
Curves showing the luminosity of the spectrum by means of flicker-photometry. 
The abscissm are wave-lengths and the ordinates the revolutions of the semi- 
dise per second at which flickering is just not seen. The positions of central 
red, yellow, green and blue are marked with letters. In the lower curve the 
spectroscopic slit is opened one division, in the middle curve to five, and in the 
upper curve to ten divisions, 

The lower curve represents the brightness of a dim spectrum with 
the slit of the spectroscope opened one division. The spectrum 
appeared of a very dull red at the least refrangible end, passing into 
a cold grey. The spectrum was considerably shortened, the ends being 
quite invisible. The curve was obtained as follows. On rotating the 
semidisc at the speed of ten a second the middle sixth of the spectrum 
alone flickered, and two points at the margins of this flickering portion 
were determined on the scale. The speed of revolution was then 
slightly increased until the flickering area was still further reduced 
and the maximum of the curve was obtained. On lowering the speed 
say to seven or eight a second there was a wider field of flickering and 
its margins were determined. Having made several such observations 
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and having translated the scale of the spectroscope into wave-lengths, 
the curve was drawn. It will be noted in the figure that the curves 
are drawn down to zero of rotation. In reality no observations were 
made with the semidisc rotating at a speed below four times a second : 
the curves were simply drawn down to the points at which the 
spectrum became invisible. The other curves were obtained in pre- 
cisely the same manner. For the middle curve the slit was opened five 
divisions, it was a dim spectrum, showing however the red, orange, 
green, and a violet blue. In the upper curve we have the slit opened 
to ten divisions ; the spectrum was fairly bright, showing all the spectral 
colours, including yellow and blue. 

The curves in Fig. 6 represent Purkinje’s phenomenon in a very 
graphic manner. With a low luminosity the maximum is in the green 
near EF, while each point on the violet half is more luminous than the — 
corresponding part on the red side. Of the ends of the spectrum 
invisible to the eye the red end loses most, the violet least. The 
maximum shifts in the middle curve to the yellow, and a still farther 
shifting is seen in the upper curve. Here each point on the red half 
of the spectrum has a greater value than the corresponding points on 
the violet end. Taking 648 as the centre of the red, 580 that of the 
yellow, 525 that of the green, and 456 that of the violet, we find that 
in the three curves the following is the order of brightness. 

Lower curve = green, yellow, blue, red. 
Middle _,, = yellow, green, red, blue. 
Upper _,, = yellow, red, green, blue. 


Experiments upon colowred papers. 


In the previous experiments the eye was adapted to darkness, in 
the present the source of light was reflected into the eye not only from 
the coloured surface observed but from other surrounding objects. As 
in similar experiments upon the minimal effective stimuli the adapt- 
ation of the eye changed during the course of the experiment. If we 
paint one half of a disc red, and the other half black, and if we rotate 
it in the light of one candle power we shall find that at a given speed 
of rotation it ceases to flicker. If now the illumination be raised say 
to ten candle powers the flickering will recommence, and will require 
a more rapid rotation of the dise to obliterate it. In this way by a 
series of such observations we may obtain data for the construction of 
a curve of the red paper, and also for the other colours yellow, green, 
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and blue. Such results were obtained, using a graduated burner by 
means of which the candle power could be varied at will, and driving 
the rotating disc by an electromotor as already described. 

In Fig. 7 the results obtained are represented in a series of curves. 
The abscisse are candle powers and the ordinates are the number of 
revolutions per second at which the flickering just stops. It will be 
noticed that at low illumination the green flickers most, the yellow next, 
the blue next and the red least. At a fair illumination of about one 
candle power the yellow flickers most, the green next, the red next, and 
the blue least. At a bright illumination the yellow flickers most, the 
red next, the green next, and the blue least. 

At faint illumination — green, yellow, blue, red. 


At fair . yellow, green, red, blue. 
. At bright __,, . yellow, red, green, blue. 
20 
1 
10 


Luminosity or deviation from blackness. 
As a result of the foregoing experiments we have seen that a 


luminous colour like yellow will bear a greater diminution in quantity _ 
than the less luminous blue, and yet be distinguishable from black. 


Fie. 7. 

Yellow, red, green and blue papers by flicker-photometry. The abscissw are “a 
candle-powers, and the ordinates the revolutions per second at which the ; 
flickering just ceased. d 
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Again, when the yellow paper is rotated with black on the revolving 
disc, the revolutions must be very rapid to stop the flickering. In other 
words the light reflected from the yellow paper as it rotates need only 
stimulate the retina for a very small fraction of a second and yet it will 
produce its effect. We see then that when applied to adjoining portions 
of the retina, or consecutively upon the same portion, yellow has a greater 
oppositeness or antithesis to black than has blue: it is really this fact 
which we mean when we speak of luminosity from the psychological not 
from the physical standpoint. 

We have now to ask ourselves whether we can measure this anti- 
thesis to black. When we compare with each other two physical 
quantities, say the weights of two masses of metal, we determine how 
many units of weight each mass possesses, and we say that the one 
with the greater number of units is the heavier of the two. If brightness 
or luminosity is deviation from black, this deviation can be measured 
and expressed in units of deviation. If we construct a series of grey 
papers, beginning with black and ending with white, each grey in the 
series being only just distinguishable from its neighbours, we can say of 
any particular grey that it is so many papers, or sensory steps or removes 
from black. If we take other colours such as red, yellow, green, and 
blue, and make of each a series beginning with black and ending with 
the pure saturated colour itself, and containing every discernible inter- 
mediate shade, we can say of any one of these shades, that it is so many 
sensory removes from black. Moreover, as I hope to show, there are 
more just discernible shades between yellow and black than between 
the less luminous blue and black, and we may express this difference in 
terms of these sensory steps. | 

I hope in a future paper to show for the middle red, yellow, green, 
and blue of a bright spectrum, the number of just discernible sensory 
differences which exist between them and darkness; in the meanwhile, 


8. 


(1) Small coloured sector of red, the rest black. (2) Large quarter circle and 
small sector of red, the rest black. (3) Half circle and sector of red, the rest 
black. (4) Three-quarter circle and sector of red and rest black. (5) Small 
black sector, the rest red. 
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I will give the results obtained by the use of light reflected from coloured 
surfaces. By using Maxwell’s rotating discs, we can add to black just 
sufficient of say a red sector to alter the appearance to that of a warm 
black. If we use a large black disc and a smaller red one, the red 
sector can be exposed to the central half of the black disc alone; and 
we can determine what addition of the red causes the centre to appear 
different from the periphery. By using a large red disc in conjunction 
with those already used, the amount of red which it is required to add 
to a mixture of black and red can be determined, see Fig. 8. 

The following table gives the results of one experiment made with 
ordinary gaslight at moderate illumination. The papers were of the 
colour of those already used for flicker-photometry, and matching as 
nearly as possible the middle spectral colours. 


Table showing additional fraction of colowr required to produce 
a just discernible difference. 


Fraction of colour just distinguishable Red Yellow Green Blue 


1. From black its sty vo 
2. From black 3 and colour} ay 
3. From black and colour } vo Wd vs 
4. From black } and colour} 7; vo 70 
5. From colour plusatraceof black 18 


The above experiment is but a rough one, for the rotating wheel 
has to be stopped, and the discs readjusted until the just discernible 
difference is hit upon more or less exactly. During this time the eyes 
tire, after-images form and the power of judging is considerably lessened. 
It was, however, quite evident that in the case of a bright colour like 
yellow a smaller addition than say of blue was sufficient to produce a 
just discernible difference from black, or of any other shade of the colours 
used. It would not be a difficult matter to calculate from the above 
data the actual number of sensory steps between black and any of these 
colours, I am not, however, sufficiently satisfied with the accuracy of 
the figures obtained to commit myself to a more detailed statement, but 
trust that with the use of Abney’s rotating sectors, which can be adjusted 
while the disc is rotating, to obtain more exact data from which careful 
calculations can be made. 

When we say that there are 100 just discernible differences between 
black and a certain colour, we do not mean to say that we are conscious 
of these all at the same time. The sensory antithesis must be measured 
out step by step, and having once determined for a certain colour its 
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value, we can recall this colour and remember its value. Exactly the 
same process is gone through in our physical measurements; we measure 
a stick with a foot rule, and find that it is six feet long. We remember 
the stick as a sensory impression, and we judge another stick which at 
the same distance produces a similar impression to be also six feet long. 
Our physical measurements are all obtained by the use of such units, 
and used in the manner described, and if we wish to be clear and exact 
in our physiological or psychological measurements we must adopt this 
method too. 

It will have been gathered that luminosity is a quantity, but that it 
is not correct to say that it is quantity or amount of visual sensation. 
It is quantity of sensation in a definite direction, it is quantity of 
deviation from black, or if the whole of the rest of the field be 
unstimulated, it may be termed deviation from darkness. As we 
have already seen, the reason for stating that luminosity is not merely 
quantity of sensation is that we may produce sensation just as well by 
bringing black into one field of vision as by bringing there a white or 
coloured object. Sensation may be produced by partial physiological 
rest of the visual field just as well as by physiological activity. 
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THE EFFECT OF VENOUS PRESSURE ON THE 
PULSE. By LEONARD HILL, MB. Grocers’ Research 
Scholar, Lecturer on Physiology, HAROLD BARNARD, MS., 
F.R.C.S., Demonstrator of Physiology, anp J. H. SEQUEIRA, 
M.D., M.R.C.P., Medical Registrar, London Hospital. (Twenty 
Figures in Text.) 


THE suggestion of this research came.about in this wise. On clinically 
investigating the effect of forced expiration on the diameter of the radial 
artery Dr Edward Blake noticed that the calibre of the artery was 
thereby distinctly increased. For the purpose of these observations use 
was made of Dr George Oliver’s arteriometer. The results were 
submitted to one of us (Hill) for physiological criticism. Since the 
original researches of Einbrodt, Burdon Sanderson and others on 
the respiratory oscillations of arterial pressure, it has been a well known 
fact that anything which increases the intra-thoracic pressure lowers 
aortic tension, for not only is the diastolic filling of the heart thus 
impeded, but also the passage of the blood through the lungs. On 
animals this fact has been abundantly demonstrated by many workers 
such as Du Crocq, Kiiss, Lambert, de Jager, Kowalewsky, Funke 
and Latschenberger. By two of us (Hill and Barnard) it has lately 
been personally confirmed in a research on the relation of the respiratory 
pump to the circulation, that is to say as a compensatory mechanism for 
the hydrostatic effect of gravity. 

How is this contradiction between observations on men and those 
on animals to be explained? Others have experienced this same 
difficulty. It was Waldenburg who determined that breathing com- 
pressed air apparently raised the tension of the radial pulse, and it is 
well known that the base line of the sphygmographic curve will rise 
during Valsalva’s experiment or on forced expiration. This elevation 
of the line of mean pressure so contrary to the results obtained in 
animals has never been satisfactorily explained. In discussing the 
subject Rollett concludes that sphygmographic tracings cannot be 
used to harmonise these opposing results, for whilst the rise of base 
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line supports the theory of rise of tension, both the small elevation of 
each percussion wave and the increased dicrotism are distinct evidences 
of lowered arterial pressure. “The pulse phenomena cannot be used as 
evidence for one or other theory so long as the conflicting factors which 
apparently affect the sphygmogram during Valsalva’s experiment are 
unelucidated'.” 

The object of our research has been to endeavour to find the eluci- 
dation of the problem which was stated but not solved by Rollett. We 
felt absolutely certain that the increased arteriometer readings and the 
rise of base line of the sphygmogram were caused by venous congestion, 
that is to say by a back effect having its origin in the impediment to 
venous inflow into the heart, an impediment produced by the rise of 
intra-thoracic pressure. This opinion we believe we have completely 
proved by the following series of experiments. At the same time these 
experiments demonstrate that the venous pressure is a factor which 
cannot be neglected in the reading of any one of the phenomena of the 
radial pulse. 

Anatomical evidence. The radial artery is surrounded by veins, a 
vena comes lies on either side, whilst a superficial vein often lies directly 
over or just to the side of the artery. On dissection of the radial artery 


_ and its veins in several bodies we have found a general agreement with 


the arrangement shown in Figs. 1 and 2. These figures are drawn to 
scale from anatomical preparations placed in the Museum of the Royal 
College of Surgeons, England. In Fig. 1 it will be seen that the radial 
artery is on either side accompanied by a vena comes. One of these 
equals the artery in size, while the other is smaller. Cross veins of 
variable distribution pass in front or behind the artery and connect the 
vene comites. It will be seen in Fig. 2 that in addition to these a 
branch of the median vein (rarely the radial) forms a connection with 
the venz comites. Very commonly this vein lies over the artery for 
one or two inches. It is frequently larger than the artery and may 
when distended be easily seen beneath the skin. 

In Fig. 3 is represented the arrangement of the veins and artery 
drawn to scale from a section of the fore-arm. The plane of the section 
passed through the spot where the radial pulse is usually explored by 
the finger or the sphygmograph. The artery and the veins which 
accompany it lie in a space between the styloid process of the radius 
and the tendon of the flexor carpi radialis. This space for convenience 


| 1 Rollett, Hermann’s Handbuch, rv. pp. 292—299. 
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we shall venture to name the radial sulcus. In Fig. 4 the radial artery 
and its ven comites are shown in section. Here either one of the 
ven comites is almost equal in calibre to the artery. The body from 
which this section was prepared was that of a man thirty years of age, 
who had for several years suffered from emphysema and venous 


engorgement. 
| Fig. 2 Fig. 1 


Radial artery 
and 
venae comites 


) 


We tied a ligature firmly round the upper fore-arm of the body of 
this patient in order to prevent any escape of fluid, and then by means — 
of pressure bottles distended the radial artery from above and the venz 
comites from below. When the vessels were distended, and even after 
they were laid bare by division of the skin, they felt to the finger like 
one broad flat band filling the radial sulcus. 
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We then pulsed the artery by rhythmically compressing the tube 
connected with the arterial pressure bottle. It was impossible to 
distinguish with the finger that the central part of the band alone 
pulsated, for both veins and artery seemed to share in this movement. 

The arteriometer gave a greater reading when the veins and artery 
were distended than that recorded when the artery alone was filled. 

We thus proved that the breadth of the pulse and apparent diameter 
of the radial artery is increased by distension of the venz comites. 
Much more so would this be the case if a large superficial vein should 
happen to lie over the radial artery. 

) evidence. We have investigated the radial pulse on 
man under varying conditions of venous pressure with the help of the 
Dudgeon sphygmograph, the arteriometer, and the finger. So far as 
regards observations with the finger, the literature of the pulse abounds 
in so many loose terms that we propose to define those we employ, and 
to make these at once as simple and complete as possible. 

On examining the radial sulcus, the space which lies between the 
styloid process of the radius and the tendon of the flexor carpi radialis 
we can speak of 

1. The size or breadth of the band-like swelling, composed of the 
artery and the veins, which more or less occupy this space. 

2. The tension of the band: by this we understand the sense of 
pressure necessary to obliterate the calibre of the artery and stop the 
pulse. 

3. The condition of the arterial wall, investigated in the usual way 
by flattening the radial artery with the tip of the finger and rolling it 
upon the bone. 

4. The oscillation more correctly called the pulse. This admits of 
description in these particulars: (a) frequency, (b) regularity, (c) ampli- 
tude of excursion, (d) period of excursion, (¢) dicrotism. 

It appears to us that all information obtainable by the finger as to 
these vessels may be classified under these heads. 

In the following experiments the sphygmograph was arranged and 
the weight adjusted so as to give the maximal excursion of the lever 
obtainable in each case. To verify the results obtained from man 
experiments were carried out on the femoral pulse of the dog. 

Whilst under chloroform anzsthesia both vagi were divided in the 
dog, the femoral artery and vein dissected out and beneath these 
vessels was inserted a small piece of wood. The sphygmograph was 
then applied to the vessels, and the records obtained during a constant 


at 
a 
at 
1 
f 
q 
{ 
} 


VENOUS PRESSURE AND PULSE. ae 


condition of morphia narcosis. To limit the collateral circulation, a 
ligature was drawn firmly round the thigh, omitting the femoral artery 
and vein. 

The following records of the experiments will demonstrate that the 
breadth of the band-like swelling, formed by the vessels in the radial 
sulcus, the elevation of the base line of the sphygmographic curves, the 
amplitude and dicrotism of the pulse, depend largely on the general 
venous pressure. 

Experiment 1. Compression of the veins of the arm, without 

occlusion of the brachial artery. Tracing 1. 
As the veins fill, the line of the sphygmographic curve shows a 
gradual rise. This rise is considerable, but the excursion of the 
percussion or primary pulse wave, and of the dicrotic wave is 
diminished. On withdrawing the compression the veins empty and — 
the pulse tracing slowly returns to its normal condition. To the finger 
the breadth or fulness of the vessels in the radial sulcus appeared greater 
during the compression of the veins, and the amplitude of the excursion 
diminished. The arteriometer gave an increased reading. In one 
experiment the diameter appeared to be enlarged by as much as 6 
to 1 mm. 

Eaperiment 2. Compression of the veins of the arm followed by 
compression of the brachial artery. Tracing 2. In this tracing an 
arrow marks the height which the base line of the curve reached 
before the veins were compressed. The point to be noticed is that 
on compressing the artery the line of the sphygmogram does not 
fall, because the venous outlets are entirely blocked. It will be seen 
that as the engorged veins are allowed to empty, the line of the curve 
gradually falls. 

Eaperiment 3. Gradual compression of the femoral vein of a dog, 
with a record of the pulse taken while the pad of the sphygmograph 
rested upon both the femoral artery and vein. Tracing 3. It wilt be 
seen that this tracing bears «.n exact resemblance to tracing 1. 

As the vein was compressed, it could be felt and seen to gradually 
distend, until in diameter it more than equalled the artery. 

When entirely occluded, its tension as estimated by the finger or by © 
& manometer was practically the same as that of the artery. 

The arteriometer gave a reading of 2°5 mm. when the vein was open, 
and 32 mm. when it was occluded. 

Ewperiment 4. Compression of the femoral vein, with the pad 
of the sphygmograph resting on the femoral artery only. Tracing 4. 
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There occurs here on compression of the vein no perceptible rise in the 
line of the curve, 


TRACING 4 TRACING & 


Tracing 1. A. Compression of the veins of the arm and the brachial artery. 
B. Compression of the veins of the arm only. ©. Compression withdrawn. 
Tracing 2. A. Veins of the arm compressed: the arrow marks the height of the 
base line before the compression was applied. 3B. Brachial artery occluded. 
C. Compression withdrawn from the artery and veins. 

Tracing 8. Sphygmograph resting on the femoral artery and vein of a dog. 

compressed. 3B, Compression withdrawn. 

wes 4. Sphygmograph resting on the femoral artery of the same dog. 
A. Femoral vein compressed. 38. Compression withdrawn. 

Tracing 5. Sphygmograph resting on the femoral vein of the same dog. 
A, compressed. 3B. Compression withdrawn. 


| Manometric readings showed us that the pressure in the femoral 
artery does not rise when the veins of the thigh are totally occluded. 
The pressure rises, however, in these veins to the static arterial pressure. 
The tension is not increased in the artery beyond the aortic pressure, 
| for the blood takes the pathway of least resistance through other 
H | channels and thus the increase of peripheral resistance produced by 
| | blocking the vessels of the thigh is not sufficient to raise the mean 
aortic pressure. 

i Experiment 5. Occlusion of the femoral vein, with the pad of the 
| sphygmograph resting on the vein only. Tracing 5. 

| By this record it is shown that the rise of venous pressure can 
| produce a very marked elevation of the lever of the sphygmograph. 

| Experiment 6. Compression of the brachial artery. Tracings 6.4 
and 6B. In the first of these tracings it will be seen that the arterial 
tension is low, and therefore on occluding the artery, the fall of the 
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line of the curve is not great. In the second of these tracings the 
compression of the brachial artery is applied more rapidly, and the 
arterial tension is high. Thus the line of the curve falls rapidly and to 
a large degree. On removing the compression the line of the curve 
bounds up to its original height. As a rule after compression of the 
brachial artery dicrotism is not increased, but the secondary waves 
often do not assume their normal form until after the third or fourth 
béat when the vessels have reached a certain fulness. 


TRACING 6a 


TRACING 6b 


Tracing 6a. Low arterial tension, A. Brachial >a gradually compressed. 
B. Compression wi 


B. Compression withdrawn. 


In the dog the record obtained on compression of the femoral artery 
was exactly the same in character. 

On gradual compression of the brachial artery the finger feels the 
breadth, the tension, and the amplitude of the excursion progressively 
diminish. 

Having cleared the ground by means of these preliminary experi- 
ments, we are now in a position to demonstrate the sequence of events 
which produce the pulse phenomena of Valsalva’s experiment. 

Experiment 7, Forced expiration with the mouth and nose shut, 
after a previous brief inspiration. Tracing 7. 


TRACING 7 


Tracing 7. Valsalva’s experiment. 4. Forced expiration of moderate erga 
B. Cessation of expiratory effort. 


On moderate compression of the thorax the line of the curve rises 
and the dicrotism is increased, The rise of the curve is due to venous 
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engorgement, the dicrotism is the sign of lowered aortic tension. This 
tracing should be contrasted with tracing 1. To the finger the breadth 
or fulness of the vessels in the radial sulcus is increased, and the 
excursion diminished in amplitude. 

The arteriometer readings were increased by ‘6 mm. in one experi- 
ment. That the rise of the line of the curve is due to venous congestion 
is proved by the next experiment. | 

Experiment 8. Forced expiration followed by occlusion of the 
brachial artery, and then by deep inspirations. Tracing 8. The com- 


TRACING 12 
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pression of the thorax was in this case so severe that the tracing 
scarcely shows at the height of the expiratory-effort any pulse oscil- 
lations. The compression of the brachial artery produced no fall in the 
line of the curve, for the blood could not escape from the veins into the 
thorax; but so soon as this obstruction was removed a fall occurred, 
and with each gasping inspiration this was increased, until the line of 
the curve was lowered to the normal point. This fall can be attributed 
only to the emptying of the veins as the brachial artery was occluded 
during the whole period of the fall. . 

Experiment 9. Forced expiratory effort, followed by a deep 
inspiration. 

On the termination of Valsalva’s experiment by a deep inspiration 
the line of the curve is seen to fall very greatly and the pulse beats 
become abortive. Tracing 9. During the expiratory rise of intra- 
thoracic pressure the lungs are emptied of blood, the filling of the night 
heart is opposed, the blood is congested in the peripheral] veins. On 
taking a deep inspiration the whole of the blood delivered by the right 
heart is at first swallowed up by the expanded lungs,—thus several beats 
of the left ventricle become abortive. During this period the radial 
pulse is felt with the finger to stop, the face blanches, and the 
experimenter turns faint owing to acute cerebral anemia. The lower 
the arterial tension the greater the ease with which this experiment 
can be carried out. The fall of the line of the curve is much more 
rapid in this experiment than in the last tracing when the brachial 
artery was occluded. This is so, for at the moment of the deep 
inspiration not only are the peripheral veins emptied into the thorax, 
but also the blood in the peripheral arteries is sucked back into the 
thoracic aorta and the left ventricle. Thus the tension in the radial 
vessels and likewise in the cerebral vessels falls below zero, in fact the 
systemic circulation entirely ceases until the left ventricle once more 
becomes filled with blood from the pulmonary veins’. 

Experiment 10. Application of the sphygmograph to the femoral 
vessels of a dog during a powerful expiratory effort. After division of 
the vagi the respiratory movements in this animal were extremely 
prolonged and powerful. Tracing 10. 

The tracing is exactly similar in character to that obtained from 
man during forced expiration. The vein is raised to the static arterial 
pressure and the pulsations cease, for the pad of the sphygmograph is 


sible thorax than by a man with a rigid thorax. 
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elevated by the distended vein above the artery. Occlusion of the 
femoral vein is seen to produce immediately afterwards a rise of the 
line of the curve, and this rise is equivalent to that produced by the 
forced expiratory effort of the dog. 

Eaperiment 11. Passive compression of the thorax, while the breath 
is held. Tracing 11. 

The effect of passive compression of the thorax on the radial pulse 
is exactly similar to that produced by Valsalva’s experiment. Owing 
to the rise of intra-thoracic pressure the venous outlets are blocked and 
the line of the curve rises. 

Experiment 12. Passive compression of the thorax, while the 
breath is allowed to freely escape. Tracing 12. 

The heart is here directly compressed and its beat impeded, the 
intra-thoracic pressure is not generally raised, the venous outlets are 
not blocked, thus while the pulse beat becomes abortive, the line of 
the curve falls. 

Experiment 13. The effect of taking a deep inspiration. In the 
sphygmogram tracing 13 there is to be seen a fall in the line of the 
curve, whilst the excursion of the primary wave is decreased and the 
dicrotism increased. 

To the finger the vessels appeared of less breadth and of lower 
tension, while the amplitude of the excursion seemed slightly dimi- 
nished. 

The arteriometer readings were diminished in one experiment by 
‘6 to "7 mm. Forced inspiration sucks the blood from the veins into 
the thorax, and hence the line of the curve falls. At the same time 
the lungs are greatly expanded, the pulmonary vessels swallow up an 
increased amount of blood, so that for a time the arterial system is less 
well filled and dicrotism is increased. 

Experiment 14, Tracing 14. Obstructed respiration through one 
nostril only, and that partially closed. The respirations are both 
frequent and powerful. During inspiration the air cannot enter freely, 
thus the force of the inspiratory movement is thrown largely on to the 
intra-thoracic vessels and the heart. The blood expelled by the right 
ventricle is swallowed up by the expanded lungs, but little reaches 
the left ventricle, the pulse almost becomes abortive. The peripheral 
veins are emptied into the thorax and the line of the curve falls. By 
the expiratory effort the blood is forced from the lungs into the left 
heart, the systolic output increases, and the excursion of the primary 
pulse wave becomes considerable. The dicrotism is then marked for 
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the arteries are ill-filled. The outlet of the peripheral veins is blocked, 
and the line of the curve rises, 


TRACING 15 


TRACING 15 


TRACING 16 
Tracing 18. A. Deep inspiration. 3B. Cessation of inspiratory effort. 
Tracing 14. Obstructed respiration. 2. Expiration. I. Inspiration. 


Tracing 15. Arm in the dependent position. 
Tracing 16. Arm elevated above the head. 


Experiment 15. Tracing.15. Distension of the vessels of the arm 
by the hydrostatic effect of gravity. The sphygmograph was applied 
while the arm was held in the most dependent position. The excursion 
is small and the dicrotism decreased. To the finger the vessels were 
broad, and the amplitude of the excursion small. The tension was 
greater and the arteriometer gave an increased reading. 

Experiment 16. Tracing 16. Collapse of the vessels of the arm by 
the hydrostatic effect of gravity. The sphygmograph was applied while 
the arm was elevated above the head. The sphygmogram shows a 
greatly increased excursion of the primary pulse wave and well-marked 
dicrotism. To the finger the vessels appeared narrow and of low 
tension, while the excursion of the pulse was increased in amplitude. 
The arteriometer readings were decreased. 

On compressing the abdomen or the veins of the arm, and also 
during an expiratory effort, the arm meanwhile being held in the 
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elevated position, the line of the curve will be raised, the dicrotism 
decreased, and the tracing altered in form till it resembles the sphygmo- 
gram obtained when the arm is held in the dependent position. 


CONCLUSIONS. 


So soon as the fact is once grasped that the veins which surround 
the radial artery bear an important share in the production of the 
phenomena of the pulse, almost all those difficulties which have hitherto 
surrounded the explanation of sphygmographic tracings disappear. In 
place of these an absolute agreement between the results obtained on 
animals and those on man becomes apparent. The variations of blood- 
pressure produced by experimental changes in the working of the 
respiratory pump we have found to be the same, whether recorded 
by manometers inserted into the veins and arteries of animals, or 
registered by the sphygmograph applied to the radial pulse of man. 

A rise of intra-thoracic pressure raises venous pressure and lowers 
arterial tension. The combined effect of these variations leads to the 
elevation of the line of the sphygmographic curve. This must be so, 
for the venous outlets of the arm are blocked, and the pressure rises 

in the veins which accompany the radial artery, until these vessels 
are distended above the level of the artery: thus the pad of the 
sphygmograph is elevated. 

Similarly in all pathological conditions of obstruction of the circu- 
lation arising from pulmonary or cardiac disease, wherein by back 
pressure the general venous tension is raised and the arterial pressure 
lowered, the veins which surround the radial artery must have an 
important share in giving to the pulse the quality of breadth or fulness 
which is so commonly combined with that of low tension. The finger — 
cannot distinguish the pulse ‘transmitted to it by the venz comites 
from the oscillation of the artery itself. Thus, it seems to us that the 
palpation of the breadth or fulness of the vessels which more or less fill 
the radial sulcus, combined with the estimation of tension, becomes a 
valuable clinical guide to the condition of the venous and arterial sides 
of the circulatory system. When the quality of fulness is estimated to 
be present between the pulse beats, this does not betoken a high arterial 
tension as is commouly stated, but rather an engorgement of the venous 
system. It is not our intention to enter into the debateable ground of 
the origin of the dicrotic wave. We merely wish to note that in our 
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experiments the dicrotism is markedly changed by the alteration of 
the peripheral conditions only. 

Thus the dicrotism of the radial pulse is greatly diminished by 
occlusion of the veins of the arm, or by the dependent position of 
the limb, greatly increased by a deep inspiration or when the arm is 
elevated above the head. The last fact has previously been noted by 
v. Kries. The dicrotic wave is therefore in these cases marked when 
the peripheral veins are ill filled, and almost absent when the peripheral 
veins are distended. 

After occlusion of the brachial artery, there is no evidence of 
increased dicrotism during the first few beats when the empty artery 
is allowed to refill. In this case therefore an empty peripheral artery 
doves not show an increased manifestation of the dicrotic wave. 

On the other band dicrotism is increased in the latter stage of 
a moderate forced expiratory effort, when the peripheral veins are 
engorged and the arterial tension lowered. 

The pathological side of this research we reserve for discussion in 
another paper, but we finally wish to point out that by recording the 
_ effect of occlusion of the brachial artery we possess a clinical method of 
investigating the condition of the circulatory system. 

If the fall of the line of the curve is steep and rapid, a high arterial 
tension, a low venous pressure and a rapid escape of the venous blood 
are indicated ; if the fall is shallow and slow, the opposite conditions 
must exist, for then the indication is that the arterial and venous 


pressures are more approximate to each other, and that the escape of 
the venous blood is obstructed. 
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TRS ACTION AS POISONS OF NITRITES AND OTHER 
PHYSIOLOGICALLY RELATED SUBSTANCES. By 
JOHN HALDANE, MA., M.D., Lecturer in Physiology, Uni- 
versity of Oxford, Grocers’ Company Research Scholar, R. H. 
MAKGILL, M.B., C.M., anp A. E. MAVROGORDATO, B.A. 
(Two Figures in Text.) 


(From the Physiological Laboratory, Oxford.) 


THE present investigation arose indirectly from a request made to one 
of us, for information as to means of treating or preventing the 
injuries sustained by miners from the fumes given off by burning nitro- 
explosives, These injuries were evidently not produced by carbonic 
acid or carbonic oxide poisoning, but apparently by oxides of nitrogen. 
As cases of poisoning frequently also occur in workmen engaged in the 
manufacture of certain nitro-explosives, and other chemically related 
substances, and as the mode of action of the “nitrite group” of poisons 
and of nitro-compounds is still very obscure, we determined to investi- 
gate the subject experimentally. 

The nitrite group consists not merely of nitrites, but also of a 
number of organic nitrates. The latter are known or believed to form 
nitrites by decomposition within the body, and to produce partly or 
wholly their physiological effects in virtue of this decomposition. We 
were thus led to investigate first the action as a poison of sodium 
nitrite. 

Sodium Nitrite. 


It was shown in 1867 by Gamgee’ that in animals poisoned by 
nitrites (amyl nitrite, potassium nitrite, &c.) the blood assumes a more 
or less chocolate colour. He observed a similar change in blood treated 
with nitrites outside the body, and proved by a series of careful 
experiments that when blood is digested with a sufficiency of nitrite 


1 Phil. Trans. p. 589. 1868. 
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the hemoglobin entirely loses its characteristic property of absorbing 
oxygen from air and giving it off to a vacuum; also that the colour and 
spectroscopic characters of the hemoglobin are changed, although on 
treatment with a reducing agent, such as ammonium sulphide, a solu- 
tion of the altered pigment shows the spectrum, first of oxy, and then 
of reduced hemoglobin. Later observers have agreed in identifying 
the substance formed with methemoglobin.’ 

As regards the poisonous effects produced by nitrites the question 
still remains open whether nitrites cause death by rendering the blood 
corpuscles incapable of carrying sufficient oxygen to support life, or 
whether death occurs from a direct action of the nitrites on the nervous 
system and other tissues. On spectroscopic examination the blood of 
an animal killed by nitrites is always found to give well-marked 
oxy-hemoglobin bands, along with the characteristic bands of methx- 
moglobin, so that death is not necessarily due to the action of nitrites 
on the bluod. On the other hand experiments on separated organs and 
tissues, on frogs, and other lower animals, and on plants, show that 
nitrites are poisonous apart altogether from their action on hemo- 
globin*. 

A means of experimentally separating the action of a substance 
through its effects on the oxygen-carrying power of the corpuscles 
from its directly poisonous action on the tissues is afforded by the fact 
that, as shown by one of us in a recent paper’, animals placed in an 
atmosphere in which the partial pressure of oxygen amounts to 
about two atmospheres, can live independently of their hemoglobin, 
on the oxygen present in simple solution in the blood. In the paper 
referred to experiments were described which proved that if a mouse 
be placed in a vessel of oxygen at a pressure of two atmospheres, 
carbonic oxide may be forced in, to an extra pressure of a whole atmo- 
sphere, without injury to the animal, although its hemoglobin presumably 
becomes 99°/, saturated with carbonic oxide. As no exact quantitative 
data were furnished in the above mentioned paper as to the percentage 
saturation of the blood, we have repeated the experiment in question 
in such a manner as to allow of an analysis of the blood of an animal 
killed by sudden drowning at the high pressure. 

A mouse was placed in oxygen in the pressure apparatus described 
and figured in the paper referred to, oxygen forced in to a pressure of 

1 See Gamgee’s Physiological Chemistry, 1. p. 109. 


2 Op. the discussion of this subject in Binz, Pharmakologie, 2te Auf. p. 14. 
3 This Journal, xvi. p. 211. 1895. 
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two atmospheres, and carbonic oxide to an additional pressure of half 
an atmosphere. After a few minutes water was forced into the apparatus, 
so that the animal, which was confined in the lower part of the jar, 
was suddenly drowned. The total pressure at the moment of death 
was almost exactly three atmospheres, the oxygen pressure being 2°4 
atmospheres, and the carbonic oxide pressure 0°6 atmospheres. The 
body of the animal was immediately taken out, the blood diluted to 
about 2°/,, and the tint of the solution compared in a narrow test-tube 
with that of normal blood saturated outside the body with coal-gas, and 
diluted till the depth of colour in a similar tube was the same. The tint 
of the dilute blood from the animal was exactly the same as that of the 
saturated blood. Hence the hemoglobin of the blood from the animal 
was saturated with carbonic oxide, or at least within 24°/, of complete 
saturation’. On saturating the two solutions with carbonic oxide the 
tints of both became very slightly, but just appreciably, pinker, and 
were again exactly equal, which showed that they gave the same tint 
with the same percentage saturation of the hemoglobin’. 

This experiment thus showed conclusively that the animal’s hzmo- 
globin was practically saturated with carbonic oxide, so that it must have 
been living solely on the oxygen contained in simple solution in the 
blood. Hence, in oxygen at two atmospheres’ pressure, an animal can 
live quite independently of the oxygen carrying properties of its 
corpuscles, | 

We may now proceed to describe the experiments with sodium 
nitrite, The nitrite solutions employed were made by dissolving 
crystals of the pure substance in water. Two analyses of a 3:00 °/, 
solution of the crystals were made by the method of Dunstan and 
Dymond’, The decinormal thiosulphite solution employed was 
standardised with decinormal iodine, checked by means of standard 
decinormal arsenite. The two analyses gave exactly the same result 
(2°95°/, of nitrite), showing that the crystals contained 98°3°/, of the 
nitrite. 


Three mice were injected: hypodermically with ‘12c.c. of 3°/, solution of 
sodium nitrite. The first, weighing 11 grammes (dose 0°33 gramme of sodium 
nitrite per kilo), and the second weighing 12 grammes, were left in the air 


1 A difference of less than 24 °/, might escape detection. 

* The slight difference in tint on shaking with carbonic oxide or coal-gas is explained 
by the fact that carboxyhw#moglobin is appreciably dissociated on dilution with water. 

Pharmaceutical Journal, p. 741. 1889. 
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while the third, weighing 10 grammes, was placed in oxygen at high 
pressure. 


No. I. After 4 mins. Distinct hyperpneea and looks drowsy. 


(from injection) 
» 5+ ,, Hind legs tend to sprawl in walking. 
oy VOR Feet, mouth, &c. of a leaden blue colour. Difficult 
to rouse, and gait very unsteady. Still hy- 
porpnce. 
on! Remains lying on its side when put there. Seems 
very drowsy. 


., ae Remains on its back when put there. 
es Absolutely powerless and unconscious. Remains 
in any position in which it is put. Respirations 
much less rapid. 
» 38 ,, Dead. Blood chocolate colour, corpuscles intact. 
On diluting some of the blood with water, 
and saturating with CO the colour became 
markedly pinker. 

No, IL. Ne this animal the symptoms observed were nearly the same. 
Marked hyperpnea, loss of power, and apparent drowsiness were observed 
after 4 mins., and about the same time the colour of the blood in the feet &c. 
was seen to be much duller, After 20 mins. the mouse lay on its back when 
put there. After 30 mins. death occurred, preceded by slight convulsions. 
The blood, which was immediately examined and analysed, had the same 
appearances as in last experiment. 74°/, of the hemoglobin was found to be 
converted to so-called methemoglobin’. 


No. III. Immediately after injection the animal was placed in the 
thick-walled glass vessel of the pressure apparatus figered in this Journal, 
xvi. p. 212. 


After 4 mins. Hyperpnea. 


(from injection) 
es 6 » Seems drowsy, and walks unsteadily. 
» ¢to8 ,, Oxygen run through the pressure jar, so as to displace 
all the air. 
oo ae », Seems now quite lively and washes its fur, though slight 
hyperpneea still remains. 
» 135 ,, Is worse again. Hind legs tend to sprawl in walking. 


Oxygen pressure raised to 98 cm. (or about 174 cm. 
including atmospheric pressure). 


1 The method of determination is described below. 
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After 16 mins. Walks about the tube, but has still hyperpnea on 
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exertion. 

Very active. Seems quite normal. 

Continues very active. Runs up and down the tube. 

Pressure reduced to normal and fresh oxygen run through 
the vessel (in order to clear out CO,). When the 
pressure was reduced the animal at once began to 
pant, and lost power over its legs. 


-Pressure raised to 84 cm. 


Seems now all right again. 

Continues normal. 

Not so lively. Pressure reduced to change oxygen. 
Became worse as before, and revived when the 
pressure was raised to 86 cm. 

Looks cold, therefore pressure vessel placed in water 
heated to about 30° C. 

Much more lively. Seems quite normal. 

Pressure reduced to normal. 

Continued fairly well. Removed from the oxygen to 
air, became rapidly helpless, but revived again when 
replaced in the oxygen. 

Again removed to air. Became unconscious, and went 
into convulsions. Was therefore quickly replaced in 

_ oxygen, and pressure raised to 70 cm., when recovery 
soon followed. 

Fairly well and lively, pressure 70 cm. 

Remains quite well. Pressure reduced to 0 cm. 

Remains normal. 

Taken out to air. Became feeble, but could move about 
a little. 

Replaced in oxygen at atmospheric pressure, and given 
some food, which it ate, 

On now being taken out into air it became somewhat 
feeble, but could walk about fairly well. 

Replaced in oxygen and left. Two and a half hours 
later it seemed quite normal when taken out into air, 
and on the following days it remained quite well. 


The last experiment was repeated on another mouse, weighing 15 
grammes, the dose being the same. The phenomena observed were 
very much the same. At the end of three hours the animal remained 
normal in oxygen at ordinary pressure, although it became unconscious 
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in air. After three and a half hours it was removed to air, when it at 
first became very feeble, but gradually recovered without having to be 
replaced in the oxygen. An hour and a half later it seemed quite 
normal. 

These experiments prove that in mice sodium nitrite causes death 
by its action on the hemoglobin, and not by any directly poisonous 
action on the tissues. The third experiment shows that when means 
are taken to supply the tissues with a sufficiency of oxygen, in spite of 
the red corpuscles being thrown out of action, the animal will survive 
what would otherwise have been a rapidly poisonous dose of nitrite. 


The products formed by the action of nitrites on haemoglobin. 


The product formed by the action of nitrites on blood was believed 
by Gamgee to be a compound of hemoglobin and a nitrite. Later 
observers’ seem all to agree in identifying this product with methemo- 
globin. 

On comparison of a solution of oxyhzmoglobin altered by a nitrite 
with methemoglobin of corresponding strength prepared with ferricy- 
anide, permanganate, iodine, carbonic acid, dilute acid, etc., it is evident 
in the first place that the solution of the nitrite product has a reddish 
brown colour, quite different from the yellowish brown of the ordinary 
methemoglobin. The red colour is not due to alkalinity of the solution, 
and persists in spite of a slight excess of acetic acid. Secondly, the 
spectrum of a solution of the nitrite product differs distinctly from that 
of ordinary methwmoglobin. In the spectrum of the latter in dilute 
solution there are four distinct absorption bands—in other words four 
regions in which increased absorption of light occurs in comparison with 
the neighbouring regions immediately on each side. The position of 
these bands is shown in the accompanying diagram (which represents 
nothing but the position of the bands)*» The bands in the green are 
not due to traces of oxyhe#moglobin, as frequently asserted. In strong 
solution the band in the red stands out prominently, and the band in 


1 See Gamgee’s Physiological Chemistry, 1. p.109; Halliburton’s Chemical Physio- 
logy, p. 278. 

2 The measurements were carried out with a spectroscope kindly lent to us by Mr D. H. 
Nagel, of Trinity College, to whom we are also indebted for much kind assistance and 
advice. The bands in the blue in spectra Nos. 1 and 2 are so ill-defined that their 
positions could only be approximately assigned. These bands cannot be seen by gaslight, 
and even by daylight the fourth band in spectrum No. 2 is very difficult to see. 
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the region of D is relatively very faint, while the whole of the green 
and blue from about % 550 is blocked out. On sufficient dilution, 


D 


b 
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Cc D 
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however, all four bands become distinctly visible, and the feeble band 
in the region of D finally appears almost as distinctly as the band 
in the red. On still further dilution the band in the red disappears at 
about the same point as the other bands. 

In the nitrite product there are also four bands, occupying about 
the same positions. The two bands in the yellow and green are, 
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however, very much stronger relatively to those in the red and blue 
than in ordinary methemoglobin. Thus on diluting a solution of the 
nitrite product till all the bands disappear it will be found’ that the 
band in the red disappears before the bands in the yellow-green’, 
The relative strengthening of the two middle bands is not due to 
the presence of oxyhwmoglobin. This may be inferred firstly from 
Gamgee’s blood pump analyses, and secondly from the fact that on _ 
saturating the solution with carbonic oxide there is not the slightest 
change of colour towards pink ; and thirdly from the appearance of the 
band in the yellow, which is much less sharply defined than the 
corresponding band of oxyhz#moglobin. The spectrum is not the same 
as that obtained by superposing the oxyhemoglobin spectrum on that 
of methemoglobin ; moreover the same colour and spectrum are obtained 
when sodium nitrite is added to a solution of (ordinary) methemoglobin, 
prepared by adding ferricyanide or iodine to blood solution. On the 
other hand both the spectrum and colour seem to correspond, so far as 
we can judge, to those of a solution containing about one part of 
nitric-oxide-hzmoglobin to three or four parts of methemoglobin (see 
Fig. 1). 

Nitric-oxide-hesmoglobin in dilute solution is somewhat pinker than 
oxyhemoglobin, and has about the same tint as an oxyhwmoglobin 
solution which has been about a quarter saturated with carbonic oxide. 
The two bands of nitric-oxide-hemoglobin are much weaker and less 
sharply defined than the corresponding bands of oxyhemoglobin ; 
moreover the band in the neighbourhood of D extends distinctly 
over D towards the red. Hence the spectrum obtained from a mixture 
of methzmoglobin with nitric-oxide-hemoglobin corresponds with that 
obtained from the nitrite product. 

When a dilute solution of the nitrite product (containing excess of 
nitrite) is reduced with ammonium sulphide the spectra seen are first 
that: of oxyhwmoglobin (possibly mixed with that of nitric-oxide- 
hemoglebin), afterwards that of reduced hemoglobin (possibly also 
mixed with that of nitric-oxide-hemoglobin), and still later that of 
pure, or nearly pure, nitric-oxide-hemoglobin. The two first changes 
were described by Gamgee. The third seems to have hitherto escaped 
notice. The nitric oxide spectrum is not altered either by further 


1 One of us, who is colour-blind, and confuses reds with greens, continues to see the : 
band in the red until those in the green disappear. He can invariably see the band in the 
red at dilutions beyond that at which it can no longer be traced by persons of normal 
vision, | 
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addition of ammonium sulphide to the solution or by shaking up with 
air. | 
The same mixture is apparently formed by the action of nitrites in 
the living body and outside the body. We have never however, whether 
with large or small doses, observed complete conversion of the hamo- 
globin. A little of the latter was always left in the blood from the 
heart, as was shown both by spectroscopic examination, and by the fact 
that a solution of the altered blood became slightly but distinctly 
pinker when saturated with carbonic oxide. 

In the following experiment the maximum of conversion (91 °/,) was 
obtained. 


Mouse (weight 19 grammes) injected with ‘06 c.c. of a 10°/, solution of 
sodium nitrite (= 0°3 grammes per kilo). 

After 5 mins. Marked cyanosis and hyperpnea. Animal therefore 
placed in oxygen at normal pressure, which immedi- 
ately relieved the hyperpneea, the cyanosis remaining. 

The hyperpneea again appearing. 

» 20  ,, Symptoms of want of oxygen have increased till the 
animal has become unconscious, and lies on its back. 
Pressure raised to 80 cm. of mercury. . 

a 21 ” Mouse better, and sitting up. 

Washing fur vigorously. 

ad 53 ae Colour of feet, mouth &c. dusky yellowish blue, with no 
trace of red, though animal continues well. 

» lhr.O ,,- Pressure reduced to normal. In 20 secs. legs sprawling. 

a ey Ree Lies on its side in half-conscious condition. Was now 

| removed to air, when it at once went into convul- 

sions, the respirations ceasing after 5 secs. 


On post-mortem examination the blood was chocolate coloured, but the 
corpuscles were of normal appearance under the microscope. On diluting the 
blood and comparing it with a solution diluted to the same depth of colour, 
of blood fully converted by nitrite, it was found that the two bands in the 
green were distinctly less marked in the latter solution ; otherwise the spectra 
were the same, including the faint band in the blue. The two solutions were 
practically identical in tint. On saturating with carbonic oxide, the solution 
of the mouse’s blood became slightly, but distinctly, pinker. On determina- 


tion the hemoglobin was found to be 91 °/, converted, so that only 9 °/, of the 
hemoglobin was left. 


We found that if the body of a mouse killed by nitrite was allowed 
to lie till putrefaction set in, the blood became purplish red instead of 
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chocolate. A dilute solution had exactly the pinkish tint and the 
spectrum of nitric-oxide-hemoglobin solution, and the double bands 
of nitric-oxide-hemoglobin did not disappear on addition of ammonium 
sulphide and warming. With carbonic oxide the tint became just 


_ appreciably pinker. There could thus be no doubt that the hemoglobin 


had even almost completely converted into nitric-oxide-hzemoglobin by 
the reducing action of bacteria, just as occurs in a test tube by the 
reducing action of ammonium sulphide. The fact is of some medico- 
legal interest, as confusion might easily arise between carbonic oxide 
poisoning, and poisoning by substances belonging to the nitrite group. 


Determination of the proportion of hemoglobin decomposed in 

blood affected by nitrites. 

In order to obtain quantitative data as to the extent to which the 
hamoglobin was decomposed in the blood of the animals experimented 
on, we employed a method founded on the same principle as that 
described by one of us for estimating the extent to which hemoglobin 
is saturated with carbonic oxide’. 

If blood treated with nitrite be largely diluted the solution has 
a brownish yellow colour, which contrasts very markedly with the pink 
colour of carboxyhemoglobin similarly diluted. By adding carmine 


to the nitrite blood the tint of the carboxyhwmoglobin may be exactly 


reproduced. Nitrite has no action either on carboxyhemoglobin or 
on carmine solution. Hence if blood partially decomposed by a nitrite 
be first shaken with carbonic oxide or coal gas, to convert the oxy- 
hemoglobin into carboxyhzemoglobin, and an estimation be made of the 
proportion of a given carmine solution which requires to be added 
to bring up the tint to that of a carboxyhemoglobin solution, the 


proportion of hemoglobin decomposed can be estimated. In applying 


this method we have proceeded as follows. 

A carmine solution of about 0°01 °/, having been prepared, two test- 
tubes of exactly equal and even internal diameter (about 4 inch) are 
selected. The equality of bore of the test-tubes is ensured by choosing 
those in which equal volumes of water occupy equal heights in the 
tubes. A solution of blood is then prepared of such strength that its 


depth of colour is about half that of the carmine solution®. Part of 


1 This Journal, xx. p..502, also ‘“‘ Report to the Home Secretary on the Causes of 
Death in Colliery Explosions,” p. 36. 

* The carmine solution must be relatively deeper in colour than the blood solution, 
because a methemoglobin solution has mach less depth of colour than a corresponding 
oxy- or carboxyhs#moglobin solution. 


q “ ‘ 
‘ 
‘ 
he 
£ 
i 


170 J. HALDANE, R. H. MAKGILL, A. E. MAVROGORDATO. 


this solution is saturated with carbonic oxide, and placed in one of the 
test-tubes, which is filled full and corked up. To another part sufficient 
solid sodium nitrite is added to completely convert the hemoglobin. 
5 c.c. of this latter solution are then measured out into the second test- 
tube, and the carmine solution added from a burette until the tint is 
equal in quality to that of the carboxyhemoglobin solution. Sufficient 
water is also added (if necessary) to bring the tints to exactly the same 
depth of colour. The total volume of liquid in the test-tube is now 
measured in a narrow measuring cylinder, and the proportion of carmine 
and water which required to be added for every 1c.c. of the original 
solution thus determined. These proportions vary somewhat with the 
changing quality of the daylight, and should therefore be determined 
just before or after each analysis is made. The points at which just 
too little and just too much carmine are added should be noted on the 
burette, the mean taken, and the total volume of liquid corrected for 
the excess of carmine. 

A solution of the blood to be examined is then saturated with 
carbonic oxide, diluted as far as necessary, and the proportion of carmine 
required determined in the same way as before. This proportion will 
now be smaller, since only part of the hsmoglobin has been altered. 
If the blood were quite unaltered of course no carmine would be 
required. The degree of alteration can be calculated from the pro- 
portion of carmine required for the blood under examination, as com- 
pared with the proportion required for blood which has been completely 
altered. Let us suppose that ‘5c.c. of carmine, and ‘2 c.c. of water were 
required for each 1c.c. of the standard solution of completely altered 
blood, and that it was found that there were ‘2c.c, of carmine in each 
lc.c. of the solution of partially altered blood, after its tint had been 
brought to equality with the standard carboxyhemoglobin solution. 
Each 1 c.c. of the solution which has been brought up to standard tint 
may be regarded as consisting partly of carboxyhemoglobin solution 
of the.same strength as the standard carboxyhemoglobin solution, and 
partly of a mixture of -2¢.c. carmine solution with water, and solution 
of nitrited hemoglobin of the same strength as the standard solution. 
Now, as there was ‘2 c.c. of carmine there would be ‘2 x 3=‘08c.c. of 
water, and "2 x 42=‘4c.c. of standard solution of nitrited hemoglobin. 
Hence there would be 1 —('2+°08+°4) ="32c.c. of standard carboxy- 
hemoglobin. Hence the proportion of nitrited to total hemoglobin 
was “40 to 32+°40 or 55°5 

To test the accuracy of this method we prepared a solution of blood, 
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treated part with sufficient nitrite to produce complete alteration, and 
saturated another part with carbonic oxide. Known mixtures of the 
latter two solutions were then prepared, and the proportion of hzemo- 
globin altered by nitrite determined with carmine solution. The 
following results were obtained. 


Percentage present: 33:3, 50, 66°6, 50. 

Percentage found: 34, 49, 67, 48. 
The method is thus one of considerable accuracy, and may be relied 
on to within about 2°/, of the estimated percentage saturation. 


Action of sodium nitrite in non-lethal doses. 
In the following experiment a rabbit received a dose of nitrite 


insufficient to cause death, and the changes in the blood were followed 
up to the point at which recovery was complete. 


A rabbit weighing 1-27 kilos received a hypodermic injection of 1°6 c.c. of 
a 10°, solution of sodium nitrite (= ‘13 grammes per kilo). Before injection 
a sample of blood was taken from the ear, for purposes of comparison with 
the altered blood obtained later. The respirations were also counted and 
found to be about 120—130 per minute. 


After 12 mins Rabbit has shown no abnormal symptoms and no 
(from injection) flushing of the ears. Sample of blood taken from 
the ear showed very faint methemoglobin band 
in red in a strong solution. Hemoglobin 8°/, 

altered. 

a 32 » Still no symptoms. Second sample taken, Blood 
brownish and showed well-marked band in red. 

Hemoglobin 24°/, altered. 
a 48 * Rabbit now seems somewhat sluggish and will not 
go any distance without stopping. Third sample 
taken. Blood chocolate coloured. Band in red 
stronger. Hemoglobin 53 °/, altered. 

a 55 »  Respirations increased to 160 per minute. Some 
tendency to sprawling of legs. 

» 1 hr. 5  ,, More apathetic, but can still walk a little. Usually 
lies on its side with legs spread out. Respira- 
tions 160. 

» 1 , 21 4, Conditions much the same. Fourth sample taken. 
Blood chocolate coloured. On spectroscopic ex- 
amination looks much the same as in previous 
sample. Hemoglobin 56-5 °/, altered. 
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Afterl hr. 42 mins. Rabbit more lively, and seems to be recovering. 
| 2 brs. O ,, Fifth sample of blood taken. Blood seems less 
brown, but band in red still very marked. Hemo- 
globin 33°/, altered. Rabbit has further 

. improved, and seems now practically normal. 

io ON: ie Sixth sample of blood taken. No band in the red 
detected with the spectroscope, and on saturating 
with carbonic oxide and diluting the tint is just 
visibly yellower than that of the normal blood 

similarly treated. Hemoglobin 6 °/, altered. 


The results of the blood analyses in this experiment are graphically 
represented in the accompanying diagram. 


100f 
90} 


0 1 2 3 + 
Hours after enjection- 
Fre, 2. 


The symptoms of the rabbit at each stage of the experiment seemed 
to correspond exactly, so far as we could judge, with those produced 
in men or mice by poisoning with carbonic oxide up to points at which 
the hemoglobin is thrown out of action to the same extent as was the 

the rabbit under observation. It is to be noted that, just 
on in carbonic oxide poisoning, the rabbit showed no symptoms until © 
~ about 40 °/, of the haemoglobin was thrown out of action, and that the 
symptoms observed at 50°/, seemed to correspond closely with those 


observed on himself by one of us at a corresponding stage of carbonic 
oxide poisoning’. Also that with the recovery of the rabbit’s haemo- 


1 This Journal, xvi. p. 442. 1895. 
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globin the symptoms. disappeared at stages corresponding to the 
disappearance of the symptoms in carbonic oxide poisoning. This ex- 
periment thus confirms the theory that all the symptoms hitherto 
observed in the animals are due simply to the want of oxygen induced 
by the action of nitrite on the hemoglobin. 


Action of large doses of sodiwm nitrite on animals in 
compressed owygen. 


As sodium nitrite in sufficient concentration is known to act as 
a direct poison to animal and vegetable tissues, it is evident that a 
sufficiently large dose must be capable of causing death, even in an 
animal kept in oxygen at high pressure. We found that in mice a 
dose of about 13 grammes per kilo sufficed to do so within about 
50 minutes, The symptoms observed were somewhat similar to those 
of gradual asphyxia from want of oxygen, and may have been due to 
gradual failure of the nervous system! through the direct action of the 
nitrite. The following are the notes of two experiments. 


Mouse, weight 13 grammes, ‘18 c.c. of 10°/, solution of sodium nitrite 
(= 1°5 grammes per kilo) injected hypodermically. 
After 2 mins. Hyperpnea. Mouse placed i in oxygen at normal pressure. 
(from injection) 

oe SS Hyperpneea, therefore the pressure raised to 85 cm. 

Seems better again. 

oo eek Has continued perfectly well and lively. Pressure now 
lowered to normal to change the oxygen. Mouse 
suddenly collapsed, and nearly died, therefore pressure 
quickly raised again. 

he ase Has gradually improved, but is still very weak and unable 
to walk. Cylinder placed in water-bath at 25°. 

» 8. » Getting worse. Lies on back, and is evidently dying. 
Pressure 91 cm. 

ao ae Pressure reduced to normal. Convulsions at once. On 
removal to fresh air the mouse died in about 10 secs. 

On post-mortem examination the blood was found to be chocolate coloured, 
but on dilution feeble oxyhwmoglobin bands were still seen, so about 8 or 
10°/, of the hemoglobin was apparently still unaltered. 


The same dose (18 c.c. of 10°/, sodium nitrite solution) was 
administered to a mouse of 16 grammes, and the animal left in air. 
In two minutes there was marked hyperpnea. In eight minutes the 
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animal was lying unconscious and helpless, and in 114 minutes it died 
after well-marked convulsions. The blood was chocolate-coloured, but 
still contained some unaltered hemoglobin. 

In the second experiment the cause of death was clearly nothing 
but want of oxygen, since, even after 30 minutes, the mouse in the first 
experiment remained perfectly well. 

It is interesting to compare the phenomena of nitrite poisoning in 
mice and rabbits with the symptoms observed after large doses of 
sodium nitrite in the case of men and other animals. In several cases 
referred to by Ringer and Murrell’ an overdose of sodium nitrite 
had been given, through a mistake arising from the impurity of the 
preparation of sodium nitrite which had previously been employed. A 
single ten grain dose administered by the mouth (= about ‘01 grammes 
per kilo) was followed within half-an-hour or less by cyanosis, palpi- 


tations, throbbing of the head, loss of muscular power, headache, 


nausea, &c. The cyanosis was undoubtedly due to the changes in the 
hemoglobin, on which Ringer and Murrell lay much stress, The 
other symptoms are characteristic effects of defective oxygen supply to 
the tissues, and exactly similar symptoms are met with in cases of 
carbonic oxide poisoning, &c. Ringer and Murrell also quote two 
experiments on cats, in which death was produced within half-an-hour 
by doses of ‘12 grammes per kilo. The blood became dark chocolate, 
and the symptoms described corresponded with those of sub-acute 
asphyxia from want of oxygen. 

From the fact that only ten grains, or even lens, are required to. 
produce serious symptoms in men it would seem that a much smaller 
dose per kilo of body weight affects the blood in men than in mice and 
rabbits. 


Amyl Nitrite. 


On account of its extensive use in Medicine, and the striking effects 
it produces on the circulation, special interest attaches to the action of 
amyl nitrite as a poison. : 


Action on the hemoglobin. 


We found that amyl nitrite, if not present in too great excess, 
produces in hemoglobin solutions or blood exactly the same effect as 
sodium nitrite. The same change of colour and spectrum are obtained, 


1 Lancet, u. p. 766. 1888. 
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the haemoglobin being converted into a mixture of methemoglobin and 
nitric oxide hemoglobin. If, however, excess of amyl nitrite is allowed 
to act (on a somewhat dilute solution of blood) a further change occurs. 
The methemoglobin bands which are at first seen entirely disappear, 
although the colour still remains reddish, and finally there is nothing 
but a broad absorption band extending from the D. line over the whole 
of the green. The position of this band is shown in the spectrum 
chart (Fig. 1, No. 7). The similarity of this spectrum with that of 
“ photo-methemoglobin,” a substance recently described by Bock’ was 
at once evident, and a solution of photo-methzemoglobin, prepared ii 
methzmoglobin by the action of sunlight according to Bock’s directions 
was found to have exactly the same spectrum (Fig. 1, No. 6) and colour. 
Neither solution was reducible on warming with ammonium sulphide. 
The product formed by the action of amyl nitrite thus appears to ‘be 
nothing else than photo-methzmoglobin, although it is formed equally 
well in the absence of daylight. Prolonged action of amy] nitrite or its 
decomposition products produces still further changes, which we have 
not as yet investigated. 


Action of Amyl Nitrite as a poison. 


In our investigations of the action of amyl (and iso-butyl) nitrite we 
employed the 3 and 5 minim capsules supplied by Messrs Martindale 
for therapeutic use, and occasionally the ordinary amyl nitrite supplied 
by druggists. The nitrite was administered by inhalation. We made 
no attempt to determine either the tension of amyl nitrite vapour in 
the air inhaled or the amount actually absorbed. On account of the 
very slight solubility of amyl nitrite the method of hypodermic or 
intravenous injection can hardly give more precise information as to 
doses than the method of inhalation. From the difficulty in estimating 
the doses of amyl nitrite actually absorbed it is very difficult to make 
any very precise comparison between its action and that of sodium 
nitrite or any other nitrite. 

Amy] nitrite vapour acts very rapidly on mice. We found that a 
mouse placed in a bottle of about 600 c.c. capacity along with a freshly 
broken ‘18c.c. capsule of amyl nitrite died in about two or three 
minutes with symptoms similar to those of sub-acute poisoning by 
carbonic oxide—hyperpnea, followed by failure of the limbs, con- 
vulsions, and death. 


* Skand. Archiv fiir Physiologie, v1. p. 299. 1895. 
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The following are the notes of an experiment. 
Mouse, weight 15 grammes, placed in cylinder of 600 c.c. capacity into 
which a freshly broken capsule of amy! nitrite was afterwards introduced. 
After 20 secs. Animal flushed pink. 
» 40 ,, Getting blue. 
» 60 ,, Very blue. Loss of power over legs. 
90 ,, Convulsions. 
» 120 ,,  Respirations ceased. No further movements. 


On post-mortem examination the heart-blood was found to be chocolate 
coloured, and the hemoglobin 80°/, converted. Well-marked oxyhzemoglobin 
bands were still present along with the nitrite bands, and a solution of the 
blood became very distinctly pinker on saturation with coal-gas. 


In this experiment the symptoms were those of asphyxia from want 
of oxygen, and death did not occur until a point was reached at which 
the oxygen-carrying power of the blood was diminished to such an 
extent as to be incompatible with life. The percentage conversion of 
the hemoglobin corresponded exactly to the change found in sub-acute 
poisoning by carbonic oxide. Thus a mouse placed in air containing 
1°8°/, of carbonic oxide dies in about 2 to 3 minutes, and the 
hemoglobin becomes about 80°/, saturated with carbonic oxide’. The 
same percentage saturation is reached in human blood when death 
occurs from carbonic oxide poisoning’. 

The percentage conversion of the hemoglobin by amy]! nitrite was 
estimated on the assumption that the product of the action of amyl 
nitrite in the living body is the same as that produced by sodium 


nitrite in solutions of hemoglobin. This assumption was confirmed by 


spectroscopic examination of the blood, and particularly by observations 
of its tint as compared with that of nitrited hemoglobin solutions. (See 
the experiments below, in which the hemoglobin was 90°/, converted 
at death.) 


In another experiment the animal was placed in oxygen along with a 
‘3 c.c, capsule of amyl nitrite, and the oxygen pressure was at once raised to 
80 cm. The mouse at first showed no symptoms except flushing, accom- 
panied by signs of irritation of the eyes and nose, and followed rapidly 
by cyanosis. After 8 or 9 mins. weakness of the legs and hyperpnea were 
observed. At 11 mins. the mouse lay on its side, and the respirations began 


1 Haldane, “ Report to the Home Secretary on the Causes of Death in Oolliery 
Explosions,” p. 24. 1896. 
2 Ibid, p. 4. 
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to be less frequent. It then gradually became quite helpless, and the 
respirations finally ceased in about 14 mins. On post-mortem examination, 
made immediately, the auricles were still feebly beating and the blood 
chocolate coloured. 


In this experiment both the onset of the symptoms and the death 
of the animal were much delayed as compared with the previous 
experiment. 

As the percentage conversion of the hwmoglobin had not been 
estimated another similar experiment was made with a capsule. The 
following are the notes. 


Mouse placed in pressure cylinder in pure oxygen at atmospheric pressure. 
A ‘18 c.c. amy] nitrite capsule was then broken and put in beside the mouse. 
quite lively. 
»  1$mins. Mouse still quite lively. Flushing continues, but the 
colour of the flushed skin is now markedly duller. 
beer Colour now dull brown. Hyperpneea beginning. 
ee Legs beginning to fail. 
8} Lying on back. Pressure raised to 90 cm. 
9} ,, Slight improvement, but still lies on side. 
103 ,, Pressure let down to normal. No immediate effect. 
2 ae Removed to air. Respirations at once became more rapid, 
this being followed in a few seconds by convulsions, and 
cessation of respiratory movements, 


_ On post-mortem examination blood chocolate coloured. On dilution with 

water a solution of the blood gave the same four bands as blood acted on by 

nitrite. The two bands in the green were, however, distinctly stronger than 

in nitrited blood, and indicated the presence of a little oxyhemoglobin. The 

tint was reddish brown, and exactly similar to that of nitrited blood solution. 

On saturation with carbonic oxide the tint became slightly but distinctly 
pinker. On determination hemoglobin found to be 92°/, converted. 


Evidently compressed oxygen increased to about 5 or 6 times the 
time required for amyl nitrite to produce death, but death nevertheless 
occurred, This might be due to direct action on the tissues either of 
the nitrite, or of the amyl, group in the amyl nitrite molecule. For 
purposes of comparison we therefore made a corresponding experiment 
with (inactive) amyl chloride. ‘3c.c. were placed on wool beside a 
mouse in the same vessel as was used for the former experiments. 
After 8 minutes the mouse showed weakness of the legs, and was lying 
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on its side after 10 minutes. It died in 15 minutes, the symptoms 
having been, so far as we could judge, the same as with amyl nitrite in 
presence of compressed oxygen. No methsemoglobin was found in the 
blood. We had no means of accurately comparing the doses of chloride 
and nitrite absorbed, but so far as this experiment goes it tends to 
prove that in presence of oxygen at high pressure it is the amyl group 
in the amyl nitrite molecule that causes death. Thus it would seem 
that amyl nitrite causes death in air solely in virtue of the action on 
the hemoglobin of the nitrite group in its moleculi: in compressed 
oxygen in virtue of the amyl group. Were the poisonous action of the 
amyl group also eliminated, by substituting some less poisonous group, 
the nitrite group would then doubtless, cause death in compressed 
oxygen by acting directly on the tissues. 

Mice, as compared with other animals, are affected very rapidly by 
some poisons, This rapidity of action evidently depends on the fact 
that the metabolism of a small warm-blooded animal is enormously 
rapid as compared with that of a larger animal. As Riibner has 
shown, the metabolism of a warm-blooded animal per kilo of body 
weight depends roughly speaking on the ratio between the mass of 
the animal and its exposed body surface. For animals of similar form 
the mass increases as the cube, and the external surface as the square, 
of diameter corresponding in the different animals. In a mouse the 
metabolism per kilo of body weight is about twenty times that of a 
man’, and four times that of a rabbit. Respiratory exchange, absorption, 
excretion, circulation, &c. must all be correspondingly rapid in the mouse. 
Poisons etc. may also be expected to act correspondingly rapidly. That 
they actually do so has been already shown by one of us in the case of 
carbonic oxide. To take another instance, in an atmosphere containing 
no oxygen a mouse becomes almost instantly unconscious, while a man 
does not lose consciousness for about 45 seconds. The experiments 
with sodium nitrite on mice taken in conjunction with that on the 
rabbit (p. 180) render it probable that other things being equal, the 
same law extends to substances injected hypodermically ; and it is well 
known that amyl nitrite has no such dangerously rapid action on a man 
as on @ mouse. 

The most striking physiological effect produced by amyl nitrite is 
the flushing of the skin which it causes. Lauder Brunton, and most 
other experimenters, in this country at least, attribute the. flushing 
oy to a peripheral action on the blood vessels. 


1 This Journal, 
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In breathing amyl nitrite we were struck by the similarity of some 
of the symptoms experienced in ourselves with those caused by 
atmospheres deficient in oxygen, or by carbonic oxide poisoning. In 
both cases there is a sense of fulness and pulsation in the head, face 
and neck, accompanied by slight confusion of mind. We therefore 
made a few experiments as to the possible relation between flushing 
of the face, and want of oxygen. Although these experiments gave 
only negative evidence as to the mode of action of amyl nitrite, yet 
they are perhaps of sufficient interest to deserve a record. 

The first experiment was made chiefly with the object of ascer- 
taining whether there was any connection between the flushing and 
the action of the nitrite on the hemoglobin. One of us breathed 
through a tube for a short time from a bottle containing a broken 
‘3 c.c. capsule of amyl nitrite. The usual intense flushing and throbbing, 
along with slight confusion of mind were produced. Samples of blood 
were taken from the finger at intervals of about a minute. After the 
flushing etc. had practically disappeared the subject of the experiment 
ran once quickly upstairs to see whether the symptoms corresponded to 
those in the early stages of carbonic oxide poisoning. The effect was 
most marked. After about ten seconds he became of a leaden blue 
colour, and suddenly fainted. When laid on the floor he regained 
consciousness in a few seconds, and said that he thought he had been 
in bed, and was just waking. A sample of blood was taken just 
afterwards. None of the samples showed any methemoglobin band, 
and all were equally pink when diluted to the same depth of colour, 
and saturated with carbonic oxide. No appreciable amount of hemo- 
globin had thus been decomposed during or immediately after the 
inhaling of the amy! nitrite, although the flushing, throbbing etc. had 
been produced to a most marked extent. The symptoms, including 
the fainting, were nevertheless exceedingly similar to those experienced 
in the earlier stages of carbonic oxide poisoning. The fainting was 
perhaps due to the indirect effects of muscular exertion on the cerebral 
circulation while blood-pressure was still low, owing :to the action of the 
nitrite, 

In a further series of experiments we endeavoured to ascertain to 
what extent want of oxygen can itself induce flushing. The first 
observations were made on ourselves, the subject of an experiment 
simply breathing through a tube into and out of a gas-bag, in the air 
filling which the oxygen percentage had been previously largely reduced 
by breathing. To avoid the effects of carbonic acid the air was made 
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to pass through a vessel filled with granulated potash lime. The 
symptoms observed were a sense of fulness and pulsation in the head, 
with visible fulness of the temporal arteries, hyperpneea, confusion of 
mind, and marked cyanosis. On again breathing air the symptoms 
rapidly disappeared, and the face and lips suddenly became bright red. 
Singing in the ears was noticed for a short time afterwards. So far as 
we could judge the cyanosis was accompanied by flushing, the red flush 
just after the inhalation being only a continuation of the blue flush 
during the inhalation. The following are the notes of an experiment. 


After 15 secs. Oolour of face beginning to become dusky. 
»  14$mins. Marked hyperpnea. 
Face flushed blue. 
» 24 ,, Inhalation stopped. In a few seconds flush became red. 
The air in the bag was found to contain 4°22°/, of 
oxygen. 


A number of similar observations were made on a rabbit anesthe- 
tised by chloral. For convenience in administering the gases a short 
rubber tube was connected with the trachea. The vessels of the ear 
were carefully observed. The result was perfectly definite. Whenever 
want of oxygen was produced, either by giving pure hydrogen, or by 
clamping the trachea, there occurred a most marked dilation of the 
arteries and veins, and flushing of the whole ear with blood. The dila- 
tion of the arteries began about 25 seconds from the commencement 
of the clamping or inhalation of hydrogen, reached a maximum after 
about 40 or 50 seconds, and continued till the respirations stopped or 
the inhalation of hydrogen ceased. About 10 seconds after air was again 
breathed the dilation began to diminish, and the diminution continued 
until the normal condition was again reached after about 30 seconds. 
The following are the notes of an experiment in which the tube was 
clamped. 

After 20 secs. Dilation beginning. 


» 30 ,, ” increasing. 

» © , ” marked. 

” 60 ” ” ” 

” ” clamp off. 
” 80 ” ” diminishing 

”? 90 9? gone. 


Administration of pure carbonic acid caused no dilation, and dilation 
caused by clamping at once disappeared when carbonic acid was inhaled. 


7% 
* 
> 
= 
~, 


NITRITES AND RELATED BODIES. 181 


The carbonic acid rapidly caused cessation of the respirations. The adminis- 
tration of isobutyl nitrite by inhalation caused marked dilation in about the 
same time as clamping or inhalation of hydrogen, the maximum being 
also reached in about the same time. The blood was red instead of blue as in 
the case of flushing from want of oxygen. The animal was finally killed by 
the administration of pure carbonic oxide. The flushing (blood red) appeared 
precisely as with want of oxygen. It was observed that the heart continued 
to beat for 6} minutes after the respirations had ceased. : 


These experiments show that flushing of the ears, with dilation of 
the arteries, may be produced by want of oxygen as easily as by amyl 
or isobutyl nitrite. 

We made a few observations with a iii kymograph on the 
changes of blood-pressure produced by nitrites and by want of oxygen 
on deeply chloralised rabbits. With amyl nitrite we invariably obtained 
the rapid fall of arterial pressure described by Brunton and others. 
With want of oxygen, whether produced by clamping or by inhalation 
of hydrogen, there was just as invariably the usual rise. Dilation of 
the arteries of the ear and flushing may thus accompany a rise as well 
as a fall of blood-pressure. With sodium nitrite (0°15 grammes injected 
hypodermically), there was in the only experiment made not only no 
fall, but a steady, though slight rise (10 mm. in all) for 7 minutes, 
followed by a gradual fall to the previous pressure. Inhalation of amyl 
chloride in no case produced the same effect as amyl! nitrite, and once 
or twice caused a marked rise of pressure. 

Besides nitrites, we have investigated on rabbits and mice the action 
of several other substances which are known, or believed, to lead to the 
formation of nitrites within the body, or the production of methemo- 
globin. Some, at least, of these substances do not appear to affect the 
blood in mice and rabbits so readily as in cats and dogs or in man. 
Our investigations are however still incomplete, and the main results 
only need be given at present, 


Nitroglycerini 


Although nitroglycerine is a nitrate, and not a nitrite, yet it readily 
decomposes in presence of alkalies with formation of nitrites, and Hay 
has shown! that blood is capable of effecting this decomposition, so that 
methemoglobin is formed when a solution of nitroglycerine is digested 


1 Practitioner, xxx. p. 422. 1883. | 
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with blood. Hence he explained the action of nitroglycerine, which 
resembles in some ways that of amyl nitrite, as due to the formation 
of nitrite within the body. 

Our first experiments were made by injecting hypodermically a 
solution formed by diluting the pharmacopeia Liquor trinitrini (a 1°/, 
solution in alcohol) to ~,th with water. Even in doses as large as it 
seemed safe to inject without risk of complications, this solution had no 
perceptible effect on mice or rabbits, and finally we found it necessary 
to administer pure nitroglycerine by mouth. A dose of about 03c.c., 
corresponding (weight for weight) with a dose of about five ounces in a 
man, caused death in a mouse, though not for about six hours, The 
most prominent symptoms observed (after about four hours) were those 
of greatly increased excitability of the nervous system. At first a 
spastic condition of the limbs was noticed when the animal began any 
exertion, so that its movements were much impeded. The effort 
evidently excited at first tonic contractions of short duration in the 
muscles of the limbs. A very characteristic accompanying symptom 
was that on gently, but suddenly, blowing on the animal from behind, 
it jumped forwards with a start, the movement having a curious resem- 
blance to that of a light piece of cotton-wool when suddenly blown 
away. Gradually these symptoms of increased excitability became 
more marked, so that finally the slightest stimulus was sufficient to 
produce violent general convulsions with opisthotonus. In compressed 
oxygen the symptoms were in no way relieved. As the body tempera- 
ture was falling the animal was placed in a vessel immersed in water at 
30°. This however seemed to make it much worse and it died in an 
attack of convulsions. The blood on dilution was found to give a 
well-marked methzmoglobin band in the red, along with strong 
oxyhemoglobin bands. About half of the hemoglobin was converted 
into methemoglobin. The estimation was made on the assumption 
that the chemical changes in the hemoglobin were of the same nature 
as in nitrite poisoning. : 

To rabbits we administered by the mouth doses up to 3cc. of 
nitroglycerine (corresponding to doses of half an ounce in man). In 
one case a dose of "18c.c. was followed by death in convulsions within 
two minutes. In the other cases, even where larger doses were given, 
no symptoms whatever were observed. On examining the body of the 
animal. which was killed by nitroglycerine we found droplets of it in 
the trachea, so that apparently part of the dose had been sucked into 
the lungs. Probably death was caused by the rapid absorption due to 
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the enormous internal surface presented by the lungs. The blood on 
examination was found to be completely free from methemoglobin. 

The result of these experiments is against the hypothesis that the 
poisonous action of nitroglycerine is due to nitrite formation within the 
body, or to changes in the hemoglobin. At the same time it must be 
borne in mind that other animals, including man, may react differently 
from mice and rabbits. 

To test the possible action of nitroglycerine vapour we left a mouse 
for some time in a covered vessel the bottom of which was strewn with 
dynamite (a mixture of 75°/, of nitroglycerine with 25°/, of a siliceous 
earth known as “ Kieselguhr”). The mouse was separated from the 
dynamite by wire-gauze. No effects were observed, even when the 
bottom of the vessel was immersed in water at 40°C. 

Our experience of the very slightly poisonous action of nitroglycerine 
on animals is confirmatory of results previously obtained. Thus to 
produce death in rabbits Atkinson’ administered the enormous dose of 
1 to 4 grammes per kilo (corresponding to a dose of 70 to 280 grammes, 
or 2 to 8 ounces for a man). This seems very extraordinary, in view of 
the fact that nitroglycerine is regarded as a somewhat dangerous drug, 
and is commonly administered to men in doses of ;4,th of a grain (0006 
of a gramme). Part of the apparent discrepancy is doubtless due to the 
very slight solubility of nitroglycerine, in consequence of which the 
larger doses must be very slowly absorbed. 

Persons engaged in the manufacture of nitroglycerine commonly 
suffer from headache during or after the first day’s work, but seem 
afterwards to be quite unaffected, unless when they return to work after 
an interval of several weeks’ duration. Nitroglycerine and ‘Kieselgubr’ 
are mixed by hand, and the women engaged all day in this work must 
presumably absorb considerable quantities of nitroglycerine. Neverthe- 
less the work is not unhealthy. 

We ourselves endeavoured to produce the nitroglycerine headache, 
but did not experience any appreciable effects of any kind with doses 
up to ‘-48c,c. of Liquor trinitrini, or corresponding doses of the nitro- 
glycerine tablets used for therapeutic purposes. There seems to be no 
doubt however that the circulation of some persons is markedly 
affected by less than ;},th of a grain, and that mere temporary contact 
of the fingers with nitroglycerine is sometimes followed by severe 
headache. 


1 Journ. of Anat. and Physiol. xxm. p. 366. 1888. 
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Nitrobenzol and Dinitrobenzol. 

Nitrobenzol and meta-dinitrobenzol are of special interest in con- 
nection with the frequency of eases of partial poisoning by these 
substances, which are employed in various manufacturing processes, 
and are contained in roburite and other well-known explosives. 

With nitrobenzol we did not obtain in mice the symptoms and 
marked changes in the colour of the blood which characterise poisoning 
by this substance in man and in dogs and cats’. A dose of 2 cc. per 
kilo produced, however, marked symptoms of narcotic poisoning, un- 
accompanied by distinct cyanosis, and not benefited by compressed 
oxygen. The symptoms passed off after about five hours, the animal 
requiring, however, to be kept warm. According to Filehne the 
changes in the blood of rabbits are also slight or absent. 

The most striking symptom of dinitrobenzol poisoning in man is a 
very marked bluish appearance of the skin and lips. This is often 
noticed by others before the person affected himself feels anything 
wrong. The further symptoms are headache, muscular weakness, 
palpitations, a tendency to become short of breath and to stagger or fall 
down on any exertion, dimness of vision, etc. In severe cases there 
may be loss of consciousness*, The blood has sometimes been ex- 
amined spectroscopically, but with more or less negative result. In 
one case reported by Huber the blood was found to be brown, although 
the spectrum and percentage of hemoglobin were found to be normal. 
Blueness of the skin was very marked. 

Huber studied the changes of the blood experimentally in frogs, 
rabbits, and dogs. In most of the experiments he reported the spectrum 
as normal, in spite of the chocolate colour of the blood, and the death 
of the animal. In three cases, however, he noticed that a band in the 
red was present, which he concluded to be probably due to a compound 
of dinitrobenzol with hemoglobin. He also describes and figures 
marked morphological changes in the red corpuscles, which were largely 
disintegrated. He found that the lethal dose for a rabbit was about 
0°5 grammes, the poisonous action being very slow. 

Evidently the bluish colour of the lips and skin and the brown 
colour of the blood are not consistent with the idea that the spectrum 


1 Filehne, Archiv fiir experimentelle Pathologie rx. p. 829. 1878. 

* Prosser White. Practitioner, 1889, ii, p. 15; Snell, Brit. Med. Journ. 1894, i, 
p. 449; Huber, Virch. Archiv, 126, p. 240, 1891; Report of the Roburite Committee, Trans. 
Manchester Geological Society, xx. p. 829. 1889. 
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of the blood may still be normal ; and the experiments which we made 
were chiefly directed towards clearing up this point and ascertaining to 
what extent the symptoms may be interpreted as due, like those of 
nitrite and carbonic oxide poisoning, to diminution of the oxygen- 
carrying power of the blood. | 


A rabbit received by mouth 1 gramme of meta-dinitrobenzol (powdered 
crystals). After six hours a drop of blood from the ear was found to be 
brown, and showed on dilution with water a feebly marked band in the red, 
besides the oxyhzmoglobin bands. Otherwise the animal had no symptoms. 
Next morning the brown or chocolate colour of the blood was much more 
marked, but the band in the red had disappeared, the only bands visible 
being those of oxyhzmoglobin, although the spectrum was not that of pure 
oxyhemoglobin. During the day the animal, which seemed quite well in the 
morning, became increasingly dul) and apathetic, and would not move more 
than a very short distance without stopping to pant as if exhausted. About 
24 hours after the administration of the nitrobenzol it was anesthetised and 
bled to death from the carotid artery, the blood, which had the colour of 
coffee-grounds, being collected. On diluting a sample of it for spectroscopic 
examination we found that the solution was opaque from the presence of a 
large amount of insoluble material. Very dilute solutions of this opaque 
blood had to be employed in order to render the oxyhemoglobin bands 
visible. A clear solution was finally obtained by allowing the suspended 
matter to settle. It was then evident that the brown pigment was in 
solution, and that the insoluble material had little or no colour. On 
comparing the spectrum with that of a solution of normal blood it was 
seen that some substance was present which specially obscured the blue end 
of the spectrum. On gradually diluting a strong solution of the blood it was 
impossible to obtain the one banded spectrum given at a certain stage of 
dilution by normal blood. The blue end of the spectrum did not become 
visible till the two oxyhwmoglobin bands were already beginning to separate 
from one another. The abnormal pigment present was evidently not methw- 
moglobin, nor did it give a hemoglobin or hemochromogen spectrum on — 
addition of ammonium sulphide and ammonia. Whether it was photo-methe- 
_moglobin, or any other known pigment, we did not succeed in determining, 
and our efforts to isolate it were unsuccessful. 

As we could not determine colorimetrically the change in the oxygen- 
carrying power of the blood we thoroughly saturated it with air, and 
determined with the blood-pump the volume of oxygen present in a given 
volume’. For purposes of comparison a corresponding determination was 


1 Arterial blood loses part of its oxygen in the first four minutes after it is shed, hence 
we took the precaution of saturating the blood under examination with air. As the 
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made of the oxygen capable of being absorbed from air by the blood of a 
normal rabbit, which had been similarly bled to death. The blood from the 
poisoned animal contained 8-2°/, of oxygen and the normal blood 17:1 °/, of 
oxygen. Thus, to judge from the experiment, fully half of the hemoglobin 
had been decomposed. 

The morphological changes in the blood of the rabbits corresponded to 
those already described and figured by Huber’. 


This experiment shows clearly (1) that the hemoglobin is to a 
large extent decomposed in dinitrobenzol poisoning; and (2) that the 
brown decomposition products formed may show no definite absorption 
bands, although a band in the red, having about the position of the 
methemoglobin band may at first be present. | 

So far as we could judge the symptoms of the rabbit corresponded 
with those which might be expected frem the observed diminution in 
the oxygen-carrying power of the blood, and could thus be referred 
entirely to want of oxygen. To further test this point we made several 
experiments on mice. The following are the notes of one of these 
experiments, A somewhat large dose was purposely given, as otherwise 
the symptoms developed very slowly. 


‘04 grammes of meta-dinitrobenzol were given by mouth to a mouse 
weighing 145 grammes (= 2°76 grammes per kilo), After half-an-hour skin 
blue where any colour is visible. Animal rather sluggish, respirations deeper. 
Placed in oxygen at atmospheric pressure. After 45 minutes fairly lively— 
cleaning fur, and moving about. When taken out into air it at once became 
powerless, lying with legs spread out. On being replaced in oxygen it 
rapidly recovered, After 14 hours still quite lively. On removal to air it 
fell over, and had slight convulsions after 16 seconds. When replaced in 
oxygen it rapidly recovered. Oolour of skin pale dirty blue, no trace of pink 
anywhere. Pressure raised to 40cm. After 2 hours 10 minutes animal 
cleaning fur and walking about along cylinder, but seems somewhat less 
lively than usual. The oxygen pressure was now reduced to normal, The 
animal immediately became restless, and at the same time weak. After two 
or three minutes it lay with its legs spread out, and was unable to move 
about. It was now removed to air, when it quickly lost consciousness and 
fell over, the respirations becoming at the same time jerky and gasping. 
After half-a-minute the corneal reflex was found to be absent. After ten 


* reducing substances” in the abnormal blood were likely to be increased in amount, both 
relatively and absolutely, neglect of this precaution might have led to our obtaining very 
misleading results. 

1 Loe, cit. 
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minutes the respiratory movements gradually died away. Convulsions were 
absent. 

On post-mortem examination the blood was chocolate coloured. The red 
corpuscles were shrunken and crenated, but not disintegrated. The blood 
gave a clear solution in water. On spectroscopic examination a band in the 
red, in the position of the methemoglobin band, was visible in a strong 
solution. On adding ammonia this band disappeared, and was replaced by 
the band in the red characteristic of alkaline methemoglobin. The colour of 
the solution at the same time became redder. With ammonium sulphide the 
band of alkaline methemoglobin gave place to that of reduced hemoglobin. 
On diluting the original solution till the two oxyhemoglobin bands were 
separately seen the band in the red entirely disappeared. The oxyhemoglobin 
looked somewhat blurred, but otherwise nothing abnormal was visible in the 
spectrum. On diluting the solution and saturating with coal-gas the colour 
became considerably pinker, but the change of tint was only about a fourth 
as great as with normal blood. 


This experiment proves directly that the symptoms of poisoning are 
due to the want of oxygen consequent on the changes in the blood, and 
that death is due simply to want of oxygen. 

Methzmoglobin was apparently contained in the blood, but some 
other abnormal pigment was probably also present. Judging from the 
carbonic oxide test about three-fourths of the hemoglobin had been 
decomposed. Had all the decomposed hemoglobin been simply con- 
verted into methemoglobin a much stronger band in the red would 
have been present. 

It seems probable from the above observations that the symptoms 
observed in man are all or nearly all referable to want of oxygen. 
These symptoms are very similar to those of mountain sickness or 
carbonic dxide poisoning. The fact that blueness of the skin or 
“cyanosis” is the first symptom noticed is quite in accordance with this 
hypothesis, since at least 30 °/, of the hemoglobin must be decomposed 
or thrown out of action before any symptoms due to want of oxygen 
are felt. 

The above experiments afford clear indications for the treatment 
of poisoning by dinitrobenzol, &c.: also of temporary great anemia 
of any kind. In many cases the continuous inhalation of pure oxygen 
at ordinary pressure would doubtless afford relief. In severe cases it 
might even be desirable~f place the patient and bag of oxygen in a 
compressed air-chamber. | 

The likelihood of benefit from transfusion with simultaneous with- 
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drawal of the patient’s blood, must also be borne in mind, although, in 
the earlier stages at least, the transfused hemoglobin might probably 
be somewhat rapidly decomposed. Unless the hemoglobin is found 
on colorimetric examination to be very abnormal in quality or amount, 
no benefit can be expected from the treatment suggested. 


Hydrowylamine chloride. 


Hydroxylamine chloride (in neutral solution) is one of the sub- 
stances which very rapidly convert oxyhemoglobin into methemo- 
globin. This has been attributed to the readiness with which the 
hydroxylamine decomposes with formation of nitrite. Outside the body, 
however, the action on the blood is not the same as that of nitrite, since 
only methemoglobin and not nitric oxide hemoglobin, is formed; the 
colour and spectrum of the altered blood solution being those of pure 
methemoglobin, similar to that formed by the action of other oxidising 
agents. We found that a dose of about 15c.c. of a neutral 10 °/, solution 
of hydroxylamine chloride administered hypodermically was sufficient 
to kill a mouse within about two minutes; the blood was very markedly 
chocolate coloured, with a strong band in the red, but the animal died in 
convulsions in spite of compressed oxygen. On reducing the dose to 
about a fourth death was less rapid, but compressed oxygen had no 
appreciable effect in preventing it. The blood now contained about 
50 °/, of undecomposed hemoglobin. The symptoms observed were 
hyperpneea, with markedly increased reflex excitability, violent con- 
vulsions and death. These symptoms resemble those of acute poisoning 
by ammonia, and seem to indicate that in mice at least the hydroxy- 
lamine acted as a poison rather in virtue of its constitution as a 
substituted ammonia than from its action on the hemoglobin, or its 
property of decomposing with formation of nitrites. 


Sodium Chlorate. 


Marchand! was the first to notice the brown colour, &c. of the 
blood of persons who had died under treatment with chlorate of potash 
for diphtheria. He also made experiments on the subject on dogs, and 
found that when death was caused by this poison the blood was quite 
brown, and gave a band in the red on spectroscopic examination. We 
endeavoured to determine by experiments on mice and rabbits to what 


1 Virch. Archiv, uxxvu. p. 455, 1879 ; Archiv fiir Exper. Pathol. 22 and 28, 1887. 
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extent the action of chlorates is due to methemoglobin formation. 
We found, however, that in those animals the hemoglobin remains 
unaffected in spite of enormous doses of sodium chorali. For some 
reason the hemoglobin is not attacked in the same manner as in dogs 
and men. We found that this fact had already been ascertained for 
rabbits and guinea-pigs by Marchand. 

As it seems probable that the susceptibility to methemoglobin 
formation may be greater in the case of man and carnivorous animals 
than in mice and rabbits, we hope to make a further series of 
observations on methemoglobin forming poisons, at the same time 
taking up various questions which we have not yet been able to 
investigate satisfactorily. 


SUMMARY OF CHIEF CONCLUSIONS. 


1. Nitrites convert hemoglobin, not simply into methemoglobin, 
but into what appears to be a mixture of methemoglobin and nitric 
oxide hemoglobin. This conversion is never complete in the living 
body. Putrefaction after death or the action of a reducing agent pro- 
duces a further conversion of the whole of the pigment into nitric-oxide- 
hemoglobin. Excess of amyl-nitrite converts hemoglobin into photo- 
methzemoglobin. 

2. The action of nitrites as poisons is (in the animals experimented 
on) due to their action on the hemoglobin and the consequent paralysis 
of the oxygen-carrying power of the blood. In compressed oxygen this 
action is abolished, and with very large doses nitrites then act as direct 
poisons to the tissues. 

3. In mice and rabbits, nitroglycerine, nitrobenzol, and hydroxy- 
lamine act as direct tissue poisons before producing symptoms due to 
decomposition of the hemoglobin or to nitrite formation : sodium chlorate 
has no specific poisonous action and does not affect the hemoglobin ; 
while dinitrobenzol decomposes the hemoglobin into a product which 
is incapable of carrying oxygen, and so produces symptoms due to 
diminution of the oxygen supply to the tissues. 
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NOTE ON THE ORIGIN OF THE YELLOW PIGMENT 
OF URINE. By ARCHIBALD E. GARROD, M.A, MD., 
F.R.C.P. 

(Preliminary Communication.) 

In 1894 I described? a process for the extraction from normal urine 
of the pigment to which the yellow colour of that excretion is almost 
entirely due. In this process the chief materials employed are am- 
monium sulphate, alcohol and ether, and the use of acids and of 
metallic precipitants is wholly dispensed with. It was further shown 
that the properties of this pigment, both in the solid state and in 
solution are entirely different from those of urobilin, and that before 
the spectroscope solutions of the yellow pigment show no absorption 
band, but owe their colour to a general absorption of the violet end of 
the spectrum. 

More recently the subject has engaged the attention of Prof. Riva 
of Parma’, and of his pupil Dr Peppino Chiodera’, who confirm 
the statements made in the paper above referred to, both as to the 
working of the process and the properties of the product obtained. 

Moreover they have obtained, by the action of potassium per- 


_Mmanganate upon solutions of urobilin, a substance which has the 


characteristic properties of the yellow pigment of urine with which 
they believe it to be identical. 

Hence they conclude that the fundamental yellow pigment of urine, 
although essentially different from urobilin, is related to that substance 
and has a similar origin. 

The object of the present preliminary note is to call attention to 
the fact that when a neutral alcoholic solution of the natural yellow 
pigment, prepared with every precaution to ensure the highest degree of 

1 Garrod. Proc. Roy. Soc. uv. p. 894. 1894. 

2 “ Sulla genesi dell’ urobilina, etc.” Gazzetta Medica di Torino, xiv. No. 12. 1896. 
‘* Bull’ origine del Pigmento giallo fondamentale delle Urina.” Clinica Medica di Parma. 
1896. 
* “ Contributo allo studio della genesi del pigmento giallo fondamentale dell’ Urina.” — 
Archivio Italiano di Clinica Medica, xxxv. p. 505. 1896. 


d 
4 
7 
4 
} 
a 
4 
4 
4 


PIGMENT OF URINE. 191 


purity attainable (showing no absorption band, and entirely free from 
the ordinary chromogen of urobilin), is acted upon by pure aldehyde a 
dark absorption band gradually develops in the position of the urobilin 
band. Like that of urobilin this band consists of a darker portion 
towards the red and a deep shading extending towards the violet ; and 
when zinc chloride and ammonia are added to the liquid a brilliant 
green fluorescence appears and the band of urobilin-zinc is seen. The 
development of the band takes place even at the ordinary temperature 
of the room, but is greatly accelerated by warmth. 

Riva found that the amount of yellow pigment formed by the 
action of potassium permanganate upon urobilin is remarkably small, 
and conversely I find that the amount of urobilin-like substance formed 
by the action of oer upon the natural yellow pigment is sur- 
prisingly large. 

I have spoken of the product obtained as an urobilin-like substance 
because, although it possesses the essential properties of urobilin, it 
differs from the urobilin isolated from urine in much the same way 
as do the products artificially prepared from bilirubin and from hematin ; 
and I have found that Riva’s product, when treated with aldehyde, 
yields a substance showing similar differences from the original urobilin - 
from which it was prepared by oxidation with potassium permanganate. 

I do not propose to enter here into any discussion of the experiments 
carried out with a view to making sure that it is the yellow pigment 
itself which undergoes the change above described, but will reserve this 
for a more detailed communication. It should, however, be mentioned 
that specimens of the yellow pigment prepared by an entirely different 
method recently described by Kramm’ give similar results. 

The urobilin-like product is not formed when aldehyde is added to 
the original urine, nor to an aqueous solution of the yellow pigment, 
but when the aqueous solution is evaporated to dryness and the residue 
is dissolved in alcohol the change takes place. 

Seeing that substances having the properties of urobilin have 
hitherto been obtained in the laboratory from hematin, hematopor- 
phyrin and bilirubin only, the above results, taken in conjunction with 
those obtained by Riva and Chiodera, render it in the highest 
degree probable that the essential yellow pigment of urine is derived 


primarily from the blood adn and, less remotely, from the pigment 
of bile. 


1 “Ueber ein neues Lésungsmittel der Harnfarbstoffe.” Deuteche mad. 
xx. pp. 25 and 42. 1896. 
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ON THE NORMAL AND PATHOLOGICAL ELIMINA- 
TION OF CARBONIC ACID AND OF WATER BY 
THE SKIN. By WAKELIN BARRATT, MD. (One 
Figure in Text.) 


(From the Pathological Chemistry Department, ‘University 
College, London.) 


THE elimination of CO, from the skin has been investigated by many 
observers at various times during the last hundred years. The CO, 
out-put has often been regarded as due to a respiratory change in 
the skin comparable to that occurring in the lungs, but Hoppe- 
Seyler' considered it as in great part due to putrefaction on the 
surface of the skin caused by bacteria. 

In studying the CO, out-put of the skin either the whole of the 
surface (the head being sometimes included, sometimes omitted) 
amounting to about 1°6sq.m., has been used* or only a portion of 
the total area of the skin, usually that of a limb. In the former case 
there is risk of leakage where the indiarubber collar clasps the neck or 
the mask is applied to the face (indiarubber tubes being introduced 
into the mouth and nostrils), and also of error due to the escape of 
intestinal gases; in the latter case it is not possible to calculate for 
the whole surface with sufficient accuracy. 

The results obtained by different observers are put together in the 
following table, which gives the out-put of the CO, from the whole of 
the surface per diem in grammes :— 


« » Towards the expenses of this research a grant was made by the British Medical 
Association on the recommendation of the Scientific Grants Committee of the Association. 


1 Physiol. Chemie, 11. p. 580. Berlin, 1879. 


The whole body has been enclosed in (1) an india-rabber beg, (2) case, 
chamber, 
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Abernethy' 14:00 Aubert and Lange’ 3°87 
Scherling’ 32-08 Réhrig® . 14:00 
Gerlach’ 8°49 Fubini and Ronchi’ 6°80 
Reinhard‘ 2°23 


It is seen that there are wide differences between the amounts 
given by different observers. These may no doubt be partly explained 
by differences in the methods employed ; for example, the whole of the 
surface has been submitted to experiment in some of the investigations, 
while in others the total out-put has been calculated from the exami- 
nation of only a part of the entire surface, usually that of a limb* 
The possible operation of sources of error is also expressly stated by 
some experimenters. Another explanation of these variations in the 
out-put lies in the influence of temperature. Aubert, Réhrig, and 
Fubini show that raising the temperature increases the amount of 
CO,. Aubert and Lange’ found that the whole of the surface gave 
off in 24 hours 2‘9 grm, CO, at 29°6°, and 6:3 grm. CO, at 33°. Schier- 
beck™ observed that the OO, out-put in 24 hours was 8°4 grm. at 30°; 
16°8 grm. at 34°; and 28-2 grm. at 38°5". 

Scherling™ calculated that an adult man gave off in 24 hours 
32°83 grm. CO, ; a child of ten years, 10°91 grm. CO, ; a girl of 19 years, 
23°94 grm. CO,,. 

Fubini and Ronchi™ found that light, in contrast to darkness, 
causes an increase in the CO, given off by the arm and hand, in the 
proportion of 100 to 118. Schiller-Teitz™ also states that light 
increases the production of carbon dioxide by the skin. 

Fasting, as compared with a full stomach, alters the CO, in the 
ratio of 100 to 116; animal, as against vegetable food, increases the CO, 


1 Surg. and Physiol. Essays. London, 1793—97. 

2 Journ. f. prakt. Chemie, xxxvi. p. 455, 1845. © 

8 Milller’s Archiv, p. 488. 1851. 

* Zeit. f. Biol., v. p. 38. 1869. 

5 Arch. f. d. ges. Physiol., vt. p. 539. 1872. 

Deutsch Klinik, p. 209. 1872. 

7 J. Moleschott, Unters. z. Naturlehre d. Menschen, xm. p.1. 1878. 

8 There are regional variations in the CO, given off by the skin. Aubert found that 
the whole of the surface gave off 3°87 grm. of CO, in 24 hours, while when the quantity for 
the whole surface was calculated from the out-put from the hand alone, only 1°25 grm. 
were obtained. 
® Loc. cit. ls Schierbeck. Arch. f. Anat. u, Physiol., p. 116, 1893, 

Loe. cit. Loe. cit, 
¥ Central. f. Agric., p. 658. 1892. 
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in the proportion of 100 to 116. Varnishing the skin causes a diminu- 
tion in the CO, out-put’. 

Rohrig states that dyspnea from catarrh of the lungs almost 
doubled the quantity of CO, given out ; an Esmarch bandage rendering 
the limb bloodless decreased the CO, by one-third. 

The excretion of H,O by the skin has been studied by numerous 
observers, though very little of the work done has been quantitative. 
The influence of asphyxia, general toxic states, overheated blood, and 
reflex stimulation by drugs, foods and pungent substances, has been 
investigated ; also the effect of peripheral nerve stimulation®. But the 
effect of local trauma of the skin has apparently not been studied. In 
other words the action of the central machinery and the peripheral 
nerves has been noted, but the nature of purely local conditions has 
been little if at all inquired into. Moreover the effect of disease on the 
excretion of water by the skin has not been investigated quantitatively 
although the clinical literature on this subject: is very considerable. 

_ Seguin* found the amount of water given off by the ekin in 
24 hours to be about 600 grm. 

Favre‘ collected as much as 2500 c.c. in 14 hours from the whole 
body enclosed in a zinc chamber, at 50 to 55°C. 

Luchsinger® observed that stimulation of peripheral end of sciatic 
or brachial plexus caused flow of sweat from foot of cat. This is not 
‘necessarily accompanied by increase of blood-stream. Even if limb 
is amputated the flow of sweat can be obtained after the lapse of 
20 minutes. 

As with CO,, there are regional variations in the H,O out-put*, from 
which it follows that it is absolutely essential, in determining the total 
amount given off by the skin, to make use of the whole of the surface 
for the purpose of estimation; and conversely when the out-put from 
only a fraction of the surface, say that of a limb, is being investigated, 
it must be borne in mind that from this alone, no calculation can be 
made of the entire out-put. 

Having now briefly outlined the various investigations which have 
been made on the elimination of CO, and H,O from the free surface of 


1 Cp. Hoppe-Seyler. Physiol. Chemie, m. p. 580 et seq. Berlin, 1879. 

* Halliburton. Chemical Physiology and Pathology, p. 818 et seq. London, 1891. 
3’ Mém. de L’ Acad, de Paris, et Annales de Chemie, xo. 1790. 

* Comptes Rendus, xxxv. p. 721. 1852. 

5 Hermann. Phys. d. Absond 1, p. 424, 


*Hammarsten. Physiol. Chemie, Pp 528, 1895. 
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the body, we are in a position to define the aim of this research which 
was begun about two years ago. Professor Vaughan Harley suggested 
that I should study the quéstion whether any alteration occurs in 
the CO, and H,O out-put of the skin, under pathological conditions, 
taking for the first investigation the abnormal state induced by the 
application of a ligature or tourniquet to the limb. This particular 
pathological condition is peculiarly suitable for experimental work, 
since it has the advantage of being easily produced and readily con- 
trolled, and of passing away rapidly and completely after the removal 
of the ligature. 

The ligature affects the skin in three ways: by an influence on the 
circulation ; by interfering with the lymph-flow ; by compressing nerve- 
trunks. The brachial artery is compressed to such an extent that the 
radial pulse is barely perceptible, and the skin at the end of about ten 
minutes can be seen, when a glass receiver is used, to become livid. 
This lividity gradually increases until at the end of the experiment 
and for a short time after removing the ligature, the limb is of a well- 
marked bluish purple, or at low temperatures sometimes a dusky red 
colour. The superficial veins are not, however, conspicuously distended. 
If the compression is extreme petechis make their appearance, 
especially on the upper arm towards the ligature. At the end of 
the experiment there is a distinct swelling of the limb, best seen 
immediately above the front of the wrist, and on the back of the 
hand corresponding to the metacarpus, where the puffiness is marked. 
Numbness and tingling are gradually developed together with blurring 
or loss of sense of touch and temperature (occasionally there is hyper- 
esthesia to warmth) marked in the hand and disappearing as the elbow 
is reached. The radial nerve is usually early and chiefly affected. In 
addition there is dull aching pain becoming severe towards the end 
of the experiment. The sense of position of the hand is generally lost 
at the close of the period of estimation, when also the movements of 
the fingers are abolished and those of the wrist, and to a less extent 
the elbow, impaired. 

At the outset of this research a very serious difficulty presented 
itself. When we refer to the work of the various observers summarised 
above, we find ourselves utterly unable to specify the normal out-put 
of any one part of the skin or of the skin as a whole, nor can we deduce 
the out-put of one portion of the surface from the investigation of 
another portion of the same surface. The observations which have 
been made exhibit such wide discrepancies that they fail entirely to 
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furnish any normal standards which may be used for comparison with 
the results obtained under pathological. conditions. Consequently be- 
fore any research could be undertaken it was necessary to study the 
quantities of CO, and H,O given off when the skin is normal so as to 
obtain control results which could be compared with the amounts found 
when a ligature is applied. In fact the whole question of the normal 
activity of the skin has had to be entered into afresh, and as it was 
proposed to experiment under varying conditions as to warmth, the 
effect of temperature has had to be investigated also. 

Another serious drawback had still to be encountered, in the absence 
of a reliable method of estimation. No two observers appear to have 
used precisely the same method, and while sources of error are occa- 
sionally mentioned, the limits of experimental error do not seem, in any 
case, to have been determined. It became necessary therefore to work 
out a method of estimation, and also to ascertain the degree of accuracy 
of which it was susceptible. 

As the result of a considerable amount of work, extending over 
about fifteen months, a method of estimation was devised which was 
found to possess the degree of accuracy and delicacy necessary for 
research work. As this will be described in greater detail elsewhere 
only a very brief outline will be given here. 

Method. In this research the surface of the arm has been submitted 
to experiment throughout, the object being to study the excretion of 
CO, and H,O in situ. 

The principle, upon which the method of estimation adopted is 
based, is that of bathing the surface in a stream of air which takes 
up the CO, and H,O given off, and from which again these substances 
can be collected by suitable absorbents. 

To carry out this principle a metal’ cylinder R, Fig. 1, was 
constructed surrounded by a water. bath. 

This cylinder is open at one end to which an indiarubber armlet is 
applied, and closed at the other end. When the upper limb is placed 
in this metal receiver and the armlet clasps the arm the cylinder is 
closed and the passage of air into (Fig. 1) and out of the receiver, can 
take place only through the two tubes # and y, inserted into the 
opposite extremities of the cylinder. Through the former enters air 
which has been rendered dry and CO,-free by passing through the 
bottles A, B,C; through the latter this air, together with the H,O and 

1 A glass cylinder surrounded by warm air, or placed in a sand bath, was used in the 
earliest experiments, 
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CO, which it has taken up while passing over the limb, streams into 
the absorbing apparatus D, HZ, F, G in which the H,O and CO, are again 
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removed. The absorbents’ used are: H,SO, and pumice for H,O; and 
soda-lime for CO,. When it is unnecessary to weigh the H,O or CO, 
absorbed, large bottles may be used; for weighing, smaller tubes F, G, 
of about 100 grammes weight are employed. The circulation of air 
through the apparatus is maintained by a filter-pump between which 
and G a manometer H is introduced. By means of the three-way stop- 
cock placed above the manometer, F and @ can be thrown in or out of 


! Op. J. 8. Haldane and M. 8, Pembrey. Chem. News, ux. p. 256. London, 1889, 
PH. XXI. 14 
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circuit at will, without interfering with the circulation of air through 
the rest of the apparatus. In the water bath surrounding the receiver 
a thermometer z records the temperature. 

The apparatus as shown in the sketch is arranged for the estimation 
of CO,. If it is desired to estimate H,O, D and £ are omitted and F 
and @ contain H,SO, and pumice only. It is far simpler and much 
more accurate to estimate H,O and CO, separately, but if desired they 
may be estimated simultaneously. In this case D and £ are replaced 
by weighing tubes and the apparatus is so connected that all four 
collecting tubes D, Z, F, G, can be thrown in or out of circuit together 
by turning the three-way stop-cock. Other modifications of the 
apparatus have also been devised and used. When CO, is being 
estimated 60 litres of air per hour pass through the apparatus, the 
manometer registering a negative pressure of two centimetres of water ; 
when the apparatus is arranged as above described for the collection 
H,0, 300 litres per hour are aspirated, and the manometer indicates a 
negative pressure of about 6 centimetres of water. 

The mode of making an estimation is as follows. The limb being 
placed in the receiver and the armlet applied, air is circulated through 
the apparatus for about 25 minutes, 7 and @ remaining however out of 
circuit. The weighing tubes F and G are then thrown in circuit, and 
at the expiration of 45 minutes are disconnected and their increase in 
weight noted. If necessary a second estimation lasting 45 minutes may 
follow immediately upon the first, fresh weighing tubes replacing F and 
G. The periods of time chosen have been found to be on the whole the 
most suitable. In order that the same extent of surface might be 
exposed in each experiment a line indicating the position of the free 
edge of the indiarubber armlet when the limb was contained in the 
receiver, was marked out on the upper arm with nitrate of silver, about 
an inch and a half above the level of the insertion of the deltoid. In 
this way the risk of collecting CO, and H,O from a varying area of skin 
was obviated. 

Every effort was made to secure uniformity in the conditions of 
experiment. But the physiological conditions of experiment cannot 
all be accurately reproduced in successive experiments even when the 
closest attention is given to diet, exercise, clothing, temperature of room, 
time at which experiments are performed, etc. In addition there are 
sources of error inherent in the purely chemical methods employed, the 
avoidance of which requires attention to a number of details both in the 
construction of the apparatus and the conduct of the experiments. Two 
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of the most important of these may be referred to here. Leakage is 
one of the most fatal sources of error. It is dependent upon faulty 
construction of the apparatus, and particularly upon the tubes and 
bottles offering too great a resistance to the current of air, and can 
readily be detected by the aid of the water-manometer H, which forms 
an indispensable part of the apparatus. The absence of error from this 
cause, which can be readily secured, should be carefully ascertained in 
each series of experiments. Another source of error lies in failure of 
the absorbents used, especially of H,SO, and pumice. The experiments 
in which this occurs are absolutely worthless. Failure of the absorbing 
apparatus can be anticipated without difficulty by making test experi- 
ments at frequent intervals. 


The elimination of H,O by the skin. 

When a number of estimations of the H,O given off per hour by the 
skin of the upper limb’ at temperatures (of the receiver) of 25°C. and 
35° C. are made, and the results compared (Tables I and II, Columns 
C.), it is found that the out-put is from 3°5 to 40 grammes per hour. 

It is further found that variations occur in the individual experi- 
ments, which may amount to as much as 25°/, of the mean result. 
These variations in the out-put cannot be attributed to experimental 


Taste I. Showing the amount of H,O given off per hour by the left 
upper limb (up to the level of the insertion of the deltoid), Temperature of 
receiver about 26°C. The quantities are given in grammes. 


A B C 
Number of exp. Temp. of receiver. | H,O given off in one hour. 

223 26°3 2°6316 
225 25°2 2°8167 
226 25°3 4°0515 
227 26°5 3°3223 
228 26-0 3°9920 
229 4°2097 

Mean 25:9 35039 


errors, which in the method used do not reach 1 °/, of the total, but are 
presumably to be attributed to the fact that although the temperature 
of the receiver remains constant, other of the external and some of the 
internal conditions of experiments are more or less incapable of being 
accurately reproduced in successive experiments, and are, further, 


1 Up to the level of the insertion of the deltoid. 
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insusceptible of measurement so as to permit of comparison being 
made between individual experiments. Among these variants may be 
enumerated: the temperature of the room in which the experiments 
are performed, and of the outside air; climatic states; clothing; food ; 
the time of day; exercise or rest; mental state; general bodily state. 
Attempts were made to establish relations between some of these and 
the variations in the out-put, but, although at times some definite 
influence seemed to be indicated by individual experiments, yet such 
indications were not maintained, or were apparently eontradicted subse- 
quently, so that no reliable conclusions could be arrived at. 

Owing to the fact that the variations in the H,O collected from the 
skin at a given temperature represent differences in the activity of the 
skin and indicate an absence of identity in the conditions of experiments, 
the averaging of results is permissible only when it can be confidently 
asserted that the conditions of experiment in general are so nearly the 
same as to admit of comparison. The indiscriminate averaging of 
results is, however, inadmissible. 

If the mean of the six estimations at 25°C. (Table I) is compared 


Taste II. Showing the amount of H.O given off per hour by the left 
upper limb (up to the level of the insertion of the deltoid). Temperature of 
receiver about 35°C. The quantities are given in grammes. 


A B 
Number of exp. Temp. of receiver. H,0 given off in one hour. 
208 35-1 3-9908 
209 350 4-0217 
210 34-6 3-4057 
212 34:5 3-897 
213 34-9 4-4593 
214 34-9 44589 
Mean 34:8 40390 


with the mean of the six estimations at 35°C. (Table II) it is found 
that the latter shows an increase, compared with the former of 13°/,. 
If however the separate experiments are examined, it is found that 
this variation is less than many of the differences exhibited by the 
individual estimations, and therefore it is conceivable that the increase 
is due to an influence or influences other than that of the temperature 
of the receiver. In fact, although the possibility of the lowered 
temperature of the skin diminishing the H,O out-put cannot be 
denied, this cannot, from these experiments, be asserted as a fact. 


| 

| 

if 

{ 


EXCRETION BY THE SKIN. 201 


Numerous experiments still further illustrating this difficulty which 
the absence of complete control over the conditions of experiment 
places in the way of experimental research, might be quoted, but as 
they do not lead to any positive result they are omitted. The only 
statement which may be made from a consideration of the estimations 
quoted, is that the influence of temperature on the elimination of 
water by the skin is not very marked. 

In studying the effect of a ligature on the H,O ORCS a series of 
estimations was first made with the skin normal, and then another 
series with the ligature applied. 

The mean of the series was taken in each case and the two 
compared, with the result that sometimes a variation in one direction, 
sometimes in another, was obtained ; so that no satisfactory conclusion 
could be arrived at in this way, the largeness of the variations in 
individual experiments obscuring the effect of the ligature. We are 
thus again brought face to face with the difficulty of securing greater 
constancy in the conditions of experiment, already referred to. Now 
it being obvious that many of the external conditions of experiment, 
mentioned above, and therefore presumably some at any rate of the 
internal ones, change but slowly from hour to hour though their 
variations may be marked from day to day, it was determined to 
perform a series of double estimations, the second in each case 
following immediately upon the first, there being a reasonable pre- 


Taste III. Showing the amounts of H,O given off by the left upper 
limb (up to the level of the insertion of the deltoid) in two successive periods 
of one hour each, the second period following immediately upon the first. 
Skin normal throughout. Temperature of receiver about 35°C. The quan- 
tities are given in grammes. 


A B 0 D E 
Number Temp. of lst 2nd 2nd estimation 
of exp. receiver. estimation. estimation. differs from Ist by 

196 36-0 3°1377 3°2849 + 47°), 

200 35°6 3°2227 3-0880 — 42 

203 35°4 3°3333 35160 + 55 

206 4°3355 4-4019 + 15 

210 34°6 3°4057 3°6347 + 67 

213 34°9 4°4593 4:3757 - 19 

215 35°3 4°1199 4°1660 + ll 

218 4-5368 4°7503 + 47 

221 35°8 4:1107 4°6413 +129 
Mean 353  —«- 38513 39844 + 3-4 
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sumption that the variations in individual experiments would under 
these circumstances be considerably lessened. The results obtained 
are shown in Table III, Columns C and D (normal skin). It will be 
seen that at 35° the variations between estimations made in immediate 
succession are much less than those between experiments performed 
on different days; generally the variations in the former do not 
exceed + 5°/,, and as the differences are sometimes plus and sometimes 
minus, their influence tends to disappear in a series of estimations. 
It is at once apparent therefore that if any marked variation occurs in 
a definite direction in a further group of such experiments, in which 
a ligature is applied during the second estimations, that variation 
must be the result of the ligature. Such a series is exhibited in 
Table IV, Columns C and D. It is there seen that an unmistakeable 
influence in the direction of a diminished out-put is to be noted in the 
results obtained when the ligature is applied. 


Taste IV. Showing the amounts of H,O given off by the left upper 
limb (up to the level of the insertion of the deltoid) in two successive periods 
of one hour each, the second period following immediately upon: the first. 
Skin normal during the first period; ligature applied during the second 
period. Temperature of receiver about 35°C. The quantities are given in 
grammes. 


A B C D E 
Number Temp. of 1st 2nd 2nd estimation 
of exp. receiver. estimation. estimation. differs from lst by 

198 35°6 2°5011 2°2264 -110°/, 

201 34°3 3°1533 2-7253 ~ 136 

204 35°3 3°3987 2°6693 — 21°5 

208 35:1 3°9908 3°8244 42° 

209 40217 3°9040 29° 

212 34°5 3°8977 3°3351 14-4 

214 34°9 4°4589 3°5360 — 20°7 

217 35°3 4°9165 3°9633 — 19-4 

219 35°4 4°3527 3°7516 - 138 
Mean 35°0 3°8546 3°3262 — 135 


* The ligature was applied lightly in these two experiments. 


Some evidence is also afforded. of the existence of a quantitative 
relationship between the two, for in experiments 208 and 209 in which 
the lowest differences are noted the ligature was applied lightly and 
- the numbness of the fingers passed off before the close of the 
experiments, while in experiments 214 and 217 the ligature was 
applied as tightly as could be borne, so much so that at the end of 
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the experiment the severity of the pressure was indicated by the 
numerous petechie which formed, especially towards the upper part of 
the upper arm near the ligature, as well as by the marked degree of 
lividity and swelling, and the subjective sensations’. 

When similiar observations are made at 25°C. (Tables V and VI, 
Columns C and D) the same diminution of the H,O out-put is noted 


Taste V. Showing the amounts of H,O given off by the left upper 
limb (up to the level of the insertion of the deltoid) in two successive periods 
of one hour each, the second period following immediately upon the first. 
Skin normal throughout. Temperature of receiver about 25°C. The quan- 
tities are given in grammes. 


A B C D E 
Number Temp. of lst 2nd 2nd estimation 
of exp. ver, estimation. estimation. differs from Ist by 
223 26°3 2°6316 2°4305 - 76°, 
225 2°8167 2-4500 130 
227 26°5 3°3223 3°4273 + 32 
Mean 26-0 2°9235 2°7693 - 58 


when the ligature is applied. A tendency is exhibited by the second 
estimations, in the case of normal skin, to be lower than the first, 
perhaps because the cooling influence of the receiver becomes more 
effective as time goes on, but the effect of the ligature in causing a 
diminished out-put is quite clear. 


Taste VI. Showing the amounts of H,O given off by the left upper 
limb (up to the level of the insertion of the deltoid) in two successive periods 
of one hour each, the second following immediately upon the first. Skin 
normal during the first period ; ligature applied during the second period. 
Temperature of receiver about 25°C. The quantities are given in grammes. 


A B Cc E 
Number to, of lst 2nd estimation 
of exp. ver. estimation. Pn differs from 1st by 
226 25°3 40515 27776 31-4 °/, 
228 26°0 3°9920 2°9855 — 25°2 
229 26°3 4-2097 2°9191 — 30°1 
Mean 25°9 40844 2°8941 — 28-9 


1 It is impossible to apply the ligature so as always to produce the same amount of 
compression. The degree of tightness of the ligature is estimated by feeling the limb 
where encircled by the band and by noticing how long the signs of compression take 
to develope, If the ligature is applied more tightly than can be borne, it has to be removed 
before the experiment is ended, and then the estimation is lost. 
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The elimination of CO, by the skin. 


On turning to the out-put of CO, by the skin the first point which 
attracts attention is the extreme smallness of the amounts dealt with, 
which average at 35°C. about 19 mgrm. per hour or only s4y of the 
corresponding quantities of the H,O (Tables VII and III). In con- 
sequence of this, great delicacy is required in the estimations and the 
utmost attention has to be paid to details so that the variations in the 
results obtained under different conditions may not be exceeded by the 
error of experiment. Since the method used will be described in full 
elsewhere, it is here sufficient to state that the mean error of a single 
observation is about + 5°/,. 

As already mentioned Hoppe-Seyler has suggested that the CO, 
given off by the skin may be, in part at any rate, due to putrefactive 
micro-organisms on the surface. With a view to diminishing the CO, 
arising from this source the limb in the first 118 estimations was 
successively cleansed thoroughly with soap and water, alcohol and ether. 
Subsequently when it had been found that a definite variation in the 
CO, out-put occurred which could not be attributed to putrefactive 
influence, the limb was thenceforward washed with soap and water 
only, before commencing an experiment, without any difference as far 
as can be ascertained being thereby produced. The ‘possibility of 
micro-organisms adding to the CO, out-put is a very interesting point 
which has not however, up to the present, been supported by these 
‘experiments. 

The out-put when the receiver has a temperature of 35°C., shows 
with normal skin (Tables VII and VIII) variations similar to those 
exhibited by the H,O out-pui, the largest variations amounting roughly 
to about + 20°/, of the mean result. These cannot be attributed to 
errors of experiment, for the latter, though higher than when water is 
estimated owing to the small quantities dealt with (the mean error of 
a single estimation being in fact as already mentioned about + 5°/,), are 
nevertheless not high enough to account for the diurnal variations 
which must therefore be regarded as due to a want of identity in all 
the conditions of experiment, external and internal. Having regard 
however to the marked effect of temperature on the CO, out-put, 
described below, it is possible that the chief factors concerned in the 
production of the diurnal variations are not the same in the case of the 
CO, and in that of H,O respectively. Similar diurnal variations in™ 
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the elimination of CO, are to be observed at other temperatures of 
which an illustration at 25° is afforded by Tables IX and X, Column C. 

Unlike H,O the CO, given off by the skin is readily seen even in 
experiments performed singly on different days to be influenced by the 
temperature to which the skin is exposed. Comparing Tables VII 
and IX, Columns C, the diurnal variations which occur when the 
temperature of the receiver is kept unchanged are found not to 
obscure the diminution of out-put which lowering the temperature 
of the receiver from 35° to 25° causes—a diminution amounting, in 
the estimations quoted, to about 40°/,. 

It was decided, as in the case of H,O, to investigate the effect of a 
ligature upon the elimination of CO,, and as in the former research, 
single experiments were at first performed, some normal, some with 
the ligature applied, the results in the two cases being then compared. 
In the various series of experiments thus contrasted, the indication 
was in every case the same, namely that an increase in the out-put of 
CO, occurs when a ligature is applied, whether the temperature is 25° 
or 35° or 45°, But as the objection might not unreasonably be urged 
that this indication was fortuitous, a series of duplicate estimations, 
made in immediate succession as in the case of H,O, was performed, 
the results obtained being shown in Table VII. The variations 


Taste VII. Showing the amounts of CO, given off by the left upper 
limb (up to the level of the insertion of the deltoid) in two successive periods 
of one hour each, the second period following immediately upon the first. 
Skin normal throughout. Temperature of receiver about 35°C. The quan- 


tities are given in grammes. 
A B Cc D E 


. Number Temp. of lst 2nd 2nd estimation 
of exp. receiver. estimation. estimation. differs from Ist by 
172 33°5 0204 “0209 + 2°6 °/, 
179 35°1 0205 0212 + 32 
181 35-0 0172 0172 0 
183 34°8 0169 0180 + 63 
253 35°2 “0215 + 3:3 
260 33°0 ‘0161 0153 -— 50 
261 35°3 0224 0225 + %6 
Mean 34°6 0191 0195 +16 


exhibited by each of the double estimations, the skin being normal 
in both, are usually below +5°/, Further the mean of the series shows 
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a very slight increase during the second period, perhaps to be accounted 
for by interference with the circulation caused by the armlet aided by 
the fixity of the limb. 

Another similar series of experiments was then made in which a 
ligature was applied over the armlet during the second estimations. 
The results are shown in Table VIII. It is to be observed that the 
average increase of CO, out-put caused by the ligature amounts to 
nearly 40°/,. 

Taste VIII. Showing the amount of OO, given off by the left upper 
limb (up to the level of the insertion of the deltoid) in two successive periods 
of an hour each, the second period following immediately upon the first. 
Skin normal during first period ; ligature applied during the second period. 
Temperature of receiver about 35°C. The quantities are given in grammes. 


A B 8 D E 
Number Temp. of 1st 2nd 2nd estimation 
of exp. ver. estimation. estimation. differs from Ist by 

174 34°1 ‘0213 0240 + °/, 

175 348 ‘0209 0247 +178 
0189 0239 + 26°1 

178 35-0 0193 0240 + 

263 35°6 0148 ‘0267 + 80°2 

265 34°6 0189 0289 + 52°8 

267 35°8 0143 ‘0228 + 59°7 
Mean 35-0 0184 0250 + 39°0 


There is also evidence that the increase stands in direct relation to 
the degree of compression, for in the last three experiments of Table 
VIII the ligature was put on as tightly as could be borne, while in the 
first four it was applied more lightly. 


Taste IX. Showing the amounts of CO, given off by the left upper 
limb (up to the level of the insertion of the deltoid) in two successive periods 
of one hour each, the second period following immediately upon the first. 
Skin normal throughout. Temperature of receiver about 25°O. The quan- 
tities are given in grammes, 


A B D 
Number Temp. of lst 2nd 2nd estimation 
ofexp. _ ver. estimation. estimation, differs from Ist by 
244 ‘0124 0103 17 
246 25°7 0101 0109 | + 8 
251 24°9 0089 * 0089 + 0 
254 25°8 ‘0104 ‘0109 + 6 
Mean 0104 0102 2 
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Table IX shows a series of double estimations performed upon normal 
skin at 25°. In addition to the diurnal variations and the influence of 
the temperature of the receiver already referred to, it is seen that the 
differences between the second and the first estimations in each experi- 
ment, though relatively larger than at 35°, are sometimes plus and 
sometimes minus. When comparison is made with a similar series in 
which a ligature is applied during the second estimations (see Table X), 
variations in the CO, out-put are met with in the latter which are 
sufficiently large, when compared with the former, to establish beyond 


Taste X. Showing the amounts of CO, given off by the left upper 
limb (up to the level of the insertion of the deltoid) in two successive periods 
of one hour each, the second period following immediately upon the first. 
Skin normal during first period ; ligature applied during the second period. 
Temperature of receiver about 25°C. The quantities are given in grammes. 


A B Cc D E 
Number Temp. of lst 2nd 2nd estimation 
of exp. receiver, estimation. estimation. differs from lst by 
248 25°5 “0091 0120 + 32 a 
249 25°3 0104 0133 + 28 
256 25°8 0072 . 0127 + 76 
258 25°7 0089 ‘0121 + 36 
Mean 256 0089 0125 + 43 


question the effect of the ligature in causing an increased elimination of 
CO,. The mean increase amounts, in the experiments given, to 43°/,, 
and this tallies pretty closely with the mean increase observed at 35°. 


SuMMARY. 


The results may be summarised as follows :— 


(1) The out-put of CO, from the skin is very small compared with 
that of H,O, the ratio for the upper limb as 35° C. being 1 to 200. 

(2) Both the CO, and the H,O given off by the skin show variations 
from day to day and also from hour to hour, but the latter are much 
smaller than the former. 

(3) At 35°C. the elimination of CO, is greater than at 25° C.; the 
influence of temperature on the elimination of H,O is not very marked. 
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(4) The application of a ligature té the upper limb causes an 
increase of the CO, and a diminution of the H,O given off by the skin ; 
this effect is most marked when the ligature is applied very tightly. 

(5) The effect of a ligature on the CO, and the H,O out-put, being 
slight in degree, can be ascertained only when the amount of the normal 
out-put during the period of experiment is accurately known. The 
latter can be determined with considerable precision by making use 
of the fact that the CO, and H,O given off by the skin change but very 
slowly from hour to hour, so that if two estimations are made in 
immediate succession, the skin being normal during the first estimation 
and the ligature being applied during the second, the former may be 
accepted as very closely representing the amount which would have 
been obtained during the second estimation had the skin been normal. 

_ In conclusion I have great pleasure in expressing my indebtedness 
to Prof. Vaughan Harley for his assistance and advice throughout the 
experiments. 
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ON THE QUESTION WHETHER ANY FIBRES OF 
THE MAMMALIAN DORSAL (AFFERENT) SPINAL 
ROOT ARE OF INTRASPINAL ORIGIN. By C. S. 
SHERRINGTON, M.A., M.D., F.RS., Holt Professor of Physio- 
logy, University College, Liverpool. 


THE histologists Ramony Cajal’, and v. Lenhossek’* have by use of 
the method of Golgi discovered in the dorsal (afferent) spinal root 
nerve-fibres arising from cells in the grey matter of the spinal cord 
itself, This discovery made in the cord of the embryo chick has 
been confirmed by Retzius*, by v. Gehuchten‘ and by J. Martin’. 
v. Gehuchten has noted a similar condition in.the Teleostean cord. 
The nerve-cells which give origin to these fibres of the dorsal root 
are situate for the most part in the dorsal part of the ventral grey 
horn. They are multipolar. They are described by the above micro- 
scopists as “motor.” 

This anatomical discovery obviously suggests exception to the 
Bell-Magendie law of direction of conduction along the spinal nerve- 
root and to the Wallerian law of degeneration of the fibres of the 
nerve-root, The suggestion at once calls to mind the recent account 
by Steinach® and Steinach and Wiener’ of peripheral effects 
following excitation of the distal ends of the dorsal (afferent) spinal 
nerve-root of the frog. These peripheral effects were always visceral*® 
and of the nature of local peristaltic movements of the intestine, etc. 
Steinach’s results have led v. Kélliker® and v. Lenhossek” to 
suggest that the neuraxons of these “cellules radiculaires postérieures ” 
pass via dorsal root to enter the ganglia of the sympathetic chain, and 
there end in free arborisations among sympathetic ganglion-cells. 


1 Anat. Anzeiger, 1890, p. 112. 2 Ibid. p. 360. 
3 Biolog. Untersuch. N. F. v. 1892. 4 Anat. Anzeiger, 1893, p. 215. 
5 La Cellule, 1895. ® Lotos, xtv. 1893. 


? Pfliiger’s Archiv, ux. p. 598. 1895. 

® But compare Horton-Smith This Journal, xxt. p. 101, and Addendum to this 
paper. 

® Sitzungsb. d. Wiirzburg. Physik Med. Gesellsch, 1894. 

1 Der feinere Bau des Nervensystems, p. 278, 2nd Ed. 
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Again, Vejas' and Joseph? state, in contradiction to the original 
observations by Waller’, that in the cat and rabbit injury to the 


_ dorsal root proximal to its ganglion causes peripheral degeneration of 


a number of its nerve-fibres, Joseph asserts this degeneration can be 
traced through the ganglion and into the peripheral nerve trunk. On 
the other hand the original observations by Waller were confirmed by 
Bernard (Dog)* and Kahler (Dog)*, and have been again more 
recently by Singer and Mtinzer (Dog)* and myself (Cat, Monkey)’. 

There remains however in regard to this examination of the question 
by the Wallerian ‘method a point which it is the object of this note to 
settle. Steinach’s positive results in the frog have been all of visceral 
character. The degeneration experiments cited above, including my 
own, have none of them dealt with the spinal region which gives 
origin to the efferent fibres of the sympathetic system. Waller 
dealt with the 2nd cervical root, so also Singer and Miinzer; 
Bernard with a lumbar root, and myself with the lumbo-sacral roots 
innervating the lower limb. None of these roots correspond with the 
region of outflow of the sympathetic system (Gaskell, Langley). I 
have therefore extended the search to some of the spinal roots lying 
within the region of sympathetic outflow. 


Eapervments. 

Cat. The vertebral canal in the mid-thoracic region carefully 
opened ; the spinal theca remaining unopened except at the end of the 
sleeve-like extension accompanying each nerve root, the 4th, 5th and 
6th thoracic roots of the left side were cut completely and cleanly 
across with fine scissors just proximal to their ganglia. The operation 
was carried out under anesthesia and asepsis. The wound healed 
rapidly. Fourteen days were allowed for degeneration. At the end of 
that time the animal was killed. The theca was then slit up and the 
proximal stumps of the severed roots were then carefully dissected out, 
placed in *5°/, osmic acid for two hours, then washed in running water 
for 24 hours and finally kept in 33°/, alcohol to which a few drops 
of glycerine had been added. The whole of each root was then 


1 Beit. z. Anat. u. Phys. d. Spinal Gangl., Munich, 1883. 
2 Du Bois Archiv, 1887, p. 296. 

3 Nouvelle Methode etc. Bonn. 1852. 

4 Syst@me nerveuz, 1. 1858. 

® Prager med. Wochensch. p. 302. 1884. 

® Denks. d. k, Akad. d. Wiss, Vienna, uv1. p. 570. 1890. 
? This Journal, xvm. p. 211. 1894. 
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exhaustively teased. No fibre was found to be sound. Every fibre 
was in a state of advanced degeneration. 

Monkey (Macacus rhesus). Procedure as in the preceding. The 
2nd, 3rd, 4th, 5th, 6th and 7th thoracic roots of the right side divided 
proximal to their ganglia without slitting up the dura mater. Seven- 
teen days allowed for degeneration. The animal then killed and 
examination of the proximal (spinal) stumps of the dorsal (afferent) 
roots conducted as in the previous experiment. Each root was 
systematically and exhaustively teased through and in not one of the 
whole six was a single undegenerate fibre discovered. 

Monkey (Macacus sinicus). Procedure as above. The 7th and 8th 
cervical and the Ist and 2nd thoracic roots of the right side severed 
proximal to their ganglia without slitting up the dura mata. Eighteen 
days allowed for degeneration. The animal then killed and examination 
of the fibres of the filaments of the dorsal (afferent) roots conducted as 
before. Not a single undegenerate fibre found in the spinal portion of 
any of these dorsal (afferent) rootlets. 

In these three animals therefore eleven dorsal (afferent) spinal roots 
taken from the region of the cord whence arise the efferent fibres of the 
sympathetic system did not contain any nerve-fibre possessing 
an intraspinal origin. 

The experiments also include the brachial region in part; a region 
not dealt with in previous observations of the kind. In that region 
also no fibres of intraspinal origin were found within the afferent roots 
examined, My observations on cat and monkey now embrace thirty- 
seven nerve roots in eight individuals, and so far as they go confirm 
completely the original investigations by Waller. 


To sum up, the present position of the question seems to be as 
follows. 

(1) In Amphioxus the dorsal (afferent) spinal root does not possess 
any extraspinal ganglion. Retzius shows however that its root-fibres, 
which are all of intraspinal origin, are some of them (a) processes from 
bipolar neurons imbedded in the spinal cord and some of them (8) 
processes from multipolar neurons imbedded in the cord. 

(2) In Petromyzon the dorsal (afferent) root possesses an extraspinal 
ganglion, this containing both bipolar and unipolar (T-processed) 
neurons. Some however of the dorsal root fibres spring not from cells 
of the ganglion but from neurons imbedded in the — cord. 
(Freud, Nansen, Retzius, &c.) 
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(3) In Pristiurus some fibres of the dorsal root are not connected 
with any cells in the extraspinal ganglion and are believed to be of 
intraspinal origin (v. Lenhossek). 

(4) In Myxine all the dorsal root fibres are derived from cells of 
the extraspinal root-ganglion, none belonging to intraspinal neurons 
(Nansen). 

(5) In Rana distinct peripheral effects are said to be elicited by 
excitation of the peripheral ends of the dorsal (afferent) spinal roots 
(Steinach); all these effects appear to be visceral’. 

(6) In the Chick an intraspinal origin for a few of the fibres of the 
dorsal root has been placed beyond all doubt, and the appearance 
of the cells of origin of these fibres does not differ from those of 
the multipolar motor neurons belonging to the motor root (Cajal, 
v. Lenhossek, Retzius, v. Gehuchten). 

(7) In the Mammal (cat, dog, and monkey) my own observations 
agree entirely with those of Singer and Miinzer in upholding the 
original statement of Waller to the effect that none of the fibres of the 
dorsal (afferent) spinal root have their origin in intraspinal nerve cells, 
that is to say, all are processes belonging to extraspinal cells. And the 
present communication extends that result to the roots of the region 
of origin of the sympathetic system. 


Addendum, Since the above was written Mr Horton-Smith has 
kindly communicated to me the results of excitation-experiments on 
the roots of Rana, made by him and appearing in this number of the 
Journal. The view suggested by Kélliker and Lenhossek, namely, 
that the intraspinal cells of the dorsal-root innervate viscera, loses some 
of its probability in view of Horton-Smith’s observations, according 
to which the efferent fibres in the dorsal roots innervate not visceral 
but skeletal muscles. 

Also since the above was written I have met with the report? of a 
paper, “A propos des cellules radiculaires postérieures,” by Lenhossek 


and Cajal* The observers appear to arrive at the same negative 


result as that obtained by Singer and Miinzer, and my own previous 
work, The report does not state the spinal region dealt with, «we. 
whether that dealt with previously or that the subject of this present 
communication. I regret I have been unable as yet to obtain access 


to the original paper. 


1 Op. Addendum. 2 Neurologisches Centralblatt, Feb. 15, 1897. 
Arch. ital, d. Biol. xxvi. 1896. 
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ON THE EFFECTS OF ELECTRICAL STIMULATION 
OF THE MAMMALIAN HEART. By ARTHUR R. 
CUSHNY, Professor of Pharmacology in the University of 
Michigan, U.S.A. anv 8. A. MATTHEWS, Assistant. (Fifteen 
Figures in Text.) 


IN some recent work on the action of digitalin and aconitin on the 
mammalian heart, we ascribed some of the features observed to an 
interference. with the ordinary auriculo-ventricular rhythm owing to 
the development of spontaneous ventricular contractions. We were 
unable to find any description of the effects of such interference in the 
literature on the heart, and have therefore performed a number of 
experiments in which an independent ventricular rhythm was set up 
by electric stimulation. In this way we were able to produce irregu- 


_ larities similar to those we had observed under digitalin and aconitin, 


but found that in order to gain any real insight into them, it was 
absolutely necessary to study first the comparatively simple deviations 
caused by single stimuli. These have been described in the frog by 
Marey and others and their explanation has been almost completed 
by the recent papers of Engelmann. In the mammal they have been 
investigated by McWilliams Gley’, Langendorff*, Laulanie and 
Meyer‘, but their accounts show a number of discrepancies. 

In our work the heart movements were recorded by means of a 
modification of the Roy-Adami myocardiograph. In the original instru- 
ment we found the sliding needle somewhat apt to become clogged 
with blood and difficult to insulate for electrical stimulation. We have 
therefore changed this part of the apparatus while preserving its 
essential features. In the drawing (Fig. 1) AB is the original perpen- 
dicular rod descending from the universal joint. CD is a brass sheath 
moving easily on the rod and bearing at its upper end an ivory pulley, 


1 This Journal rx. p. 167. 1888. 

_2 Archiv de Physiol. 1889, p. 499. Ibid. 1890, p. 436. 
3 Pfliiger’s Archiv uxt. p. 291. 1895. 
4 Archiv de Physiol. 1893, p. 184. 
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and at its lower a horizontal bar which is interrupted by a plate of 
hard-rubber and ends in an ordinary hinge-joint. In this latter moves 
a perpendicular rod HF, hooked at the one A 
end for attachment to the heart and bored at 
the other for a thread which, passing over the 
pulley at C passes through the universal joint 
and moves the writing lever. CD is prevented 
from moving up AB by a ring of brass G, which 
is screwed to the latter but is not in any way ox=) ) 
attached to CD. The hook F can therefore 
move to and from AB, and can rotate round 
it while it cannot move up or down. The two 
hooks F' and B are insulated from each other °7]7— A 


ment of one light wire to the binding post H 
and another to a binding post in the upper } 


part of the apparatus may be converted into 
electrodes. In our experiments the shock was = 

almost always given through these, so that Fig. 1, 
the arrangement is practically the same as that used in muscle stimu- 
lation where the two electrodes are placed at the two ends of the 
contracting fibres. 

Two completely independent myocardiographs were always used, 
one being attached to each division of the heart under examination. 
The experiments were carried out on dogs exclusively, the animals being 
narcotised in most cases with morphin and acetone chloroform, in 
some with morphin, curari, and chloroform. In our first experiments 
the movements of the right auricle and ventricle were recorded, but the 
left heart has also been examined enough to show that its reactions 
differ in no way from those of the right. 

The refractory phase of the ventricle we found to embrace the 
whole time of its contraction and a certain brief period before its 
movement actually commenced. During this period the ventricle is 
generally at rest—the refractory phase commencing about the middle 
of the diastolic pause. In some hearts however there can scarcely 
be said to be a diastolic pause, the ventricle commencing to contract 
as soon as it finishes relaxing, and in those cases stimulation of the 
ventricle during the last part of relaxation was ineffective. The 
commencement of the refractory period then is determined, not by the 
position of the ventricular muscle but by the interval elapsing before 
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the normal systole commences. The commencement of systole is so 
indefinite in our tracings, that we have not attempted to measure this 
interval. The refractory phase continues until immediately before the 
completion of systole. From this point onwards the tracing is liable 
to be rendered irregular by stimuli although these have to be stronger 
at the earlier points than later in the cycle. The irritability of the 
heart muscle increases then from the completion of systole up to the 
commencement of the refractory stage, as may be seen in Fig. 2. The 
refractory period and the variation of :the irritability in the dog’s 


Tracing of the right ventricle. The line to the 
right indicates the commencement of the refractory 
period, the next five to the points on the cycle 
which were irritable to secondary shocks with 
180, 150, 120, 100 and 20 mm. distance between 
the coils. In all the tracings the lever moved 
downward in systole and upward in diastole both in 
the ventricle and the auricle. 


Pig. 2 

ventricle corresponds exactly to that of the frog’s as described by 
Engelmann. Similar results have been described in more general 
terms by most of the other authors who have written on the mam- 
malian heart, but Laulanie’ asserts that in the dog’s heart there is 
no refractory period, while in that of the horse two periods were 
observed in which stimulation had no effect. The explanation of his 
results is probably the escape of current to the auricle. ) 
- The irritability of the ventricle at any point in its cycle is not 

absolutely constant in successive stimulations, as we have repeatedly 
observed a lasting effect from previous shocks. Thus in one experiment 
we commenced stimulating with break induction shocks at 250mm. 
distance between the coils and gradually approached the secondary 
coil to 200 mm. without eliciting any contraction. At 190 mm. however 
the ventricle reacted when the shock reached it immediately before 
the commencement of the refractory period, and after stimulating for 


1 Quoted from Tigerstedt’s Physiologie des Kreislaufs. Footnote, p. 165. 
15—2 
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some time at this point we found that shocks reaching the ventricle 
at less irritable points of its cycle caused contractions, although they 
had failed to do so at first. The secondary coil was again moved away 
from the primary, but reactions were given now at a distance of 220 
and eventually of 240 mm. On waiting for some time and recom- 
mencing from 250 mm. we could again reduce the distance to 200 mm. 
without eliciting a contraction. The increased irritability of the heart 
after long stimulation is ons manifested in persistent spontaneous 
irregularity. 

Stimuli reaching the heart at the same point of the cycle have 
always the same result, whatever their intensity, provided always that 
they are not strong enough to stimulate the auricle directly, when the 
ventricle may be affected first by its own and then by the auricular 
extra stimulus, 

Each stimulus in the irritable period is followed by a contraction 
(“forced contraction”), then by a prolonged pause in diastole (“com- 
pensatory pause”), and then by a contraction of abnormal strength 
(“ post-compensatory contraction”), after which the ventricle generally 
resumes its ordinary rhythm. The more closely the point of stimulation 
approaches the end of the irritable period, the smaller are the diverg- 
ences from the normal rhythm (Fig. 3), the relaxation proceeds unin- 
terruptedly but the diastolic pause is slightly shorter, the systole is less 
complete and the next diasiolic pause somewhat longer than normally, 
but these modifications are often so slight as to suggest- a doybt 
whether they are really present. As the point of stimulation diverges 
more from the commencement of the refractory period, however, they 
become more marked, the relaxation is no longer complete, being 
interrupted by a quick incomplete systole, the compensatory pause 
becomes longer and the post-compensatory systole much stronger (Figs. 


_ 4—7). The shorter the interval between the last contraction of the 


ventricle and the point of stimulation’, the smaller is the contraction 
until when the shock reaches the ventricle just at the end of its 
refractory phase, no further shortening of the fibres occurs but the 
contraction is prolonged, the ventricle then dilates rather slowly and a 
very prolonged compensatory pause and powerful post-compensatory 
systole follow (Fig. 8). 

These phenomena are practically those observed in the frog’s hear 
and have been already described by McWilliam and others. The 


1 We shall hereafter designate this interval by Vs ~ Vp after Engelmann. 
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results in our experiments are practically uniform in several hundred 
stimulations. Gley, however, has described some anomalies which may 


Fig.6 Fig.7 Fig-S 


Ventricular tracings illustrating the effects of stimulation at different points in the 
cycle. In Fig. 8 the auricular tracing is shown below the ventricular. 


be discussed here. Thus he found no compensatory pause in the rabbit’s 
heart slowed by cold, but in the tracing appended to his paper, two 
efficient stimuli have evidently been given instead of one as he says, and 
the rhythm is besides so irregular that no deductions can be drawn from 
it regarding the compensatory pause. We have observed the other 
irregularities described by him in the text, but only when there was. 
evident escape of current to the auricle. In his second paper he found 
that when the heart is slowed by vagus stimulation or by pilocarpin, 
stimulation during the diastole often causes no contraction but merely 
a prolongation of the pause, and that a shock given just before a sponta- 
neous contraction may inhibit it entirely. We have not observed either 
of these effects, but in a heart in which the inhibitory mechanism is 
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already stimulated, they may well be due as Gley suggests to further 
inhibitory action produced by the stimulus. A further exception to the 
general behaviour of the heart which he describes—a short stoppage 
during relaxation instead of a forced contraction—we have observed 
occasionally but are not disposed to ascribe to inhibition as Gley does, 
as it occurs in one of our tracings after atropin. It seems rather 
to indicate a very depressed contractility, the muscle fibres being 
unable to actually shorten at the time but the impulse being followed 
by a slowing of the relaxation. It occurs more especially when a 
second shock reaches the ventricle at an early stage of the relaxation 
from a forced contraction. We may state once for all that none of the 
features observed by us were modified in the least by atropin and that 
we see no reason to attribute.any of them to inhibitory stimulation '. 

The curve of the forced contraction varies with the interval Vs —Vp. 
When this is maximal, the extra contraction differs from the natural 
one only in being less complete. As Vs — Vp becomes shorter, the whole 
movement occupies less time, partly owing to the lessened shortening 
in systole but mainly to the shorter duration of the stage of full 
contraction. The apex of the curve becomes more acute, the short 
contraction changing almost immediately to relaxation. The actual 
movement of the lever becomes less as Vs— Vp becomes shorter, not 
only on account of the lessened extent of relaxation which the ven- 
tricle has reached when the contraction is renewed, but also because 
the forced systole becomes less complete, the sooner it follows on the 
_ spontaneous one. The actual velocity of the lever during systole is at 
first the same as in the normal contraction. After a time, however, the 
line drawn by it becomes more and more oblique, until, when Vs — Vp 
is minimal, it is merely a continuation of the normal systole. This 
prolongation varies in extent, but never in our experiments attained 
the duration of the normal “contraction pause,” and in fact was rarely 
more than about one-third of its length. The earlier the shock fell in 
the irritable period the less was the prolongation, until when the 
refractory stage was reached it disappeared entirely. 

The relaxation of the ventricle is exactly similar to the ordinary 
dilation if the interval Vs— Vp be long enough. As this shortens a 
distinct slowing of the movement of the lever may be niade out towards 
the close of ‘its relaxation, this retardation of its movements resembling 


* We injected in those experiments 4—5 mg. of atropin sulphate intravenously. In 
every case we satisfied ourselves of the wea age of the inhibitory apparatus by stimulation 
of the vagus in the neck. 
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closely the contracture of ordinary muscle. The dilatation attained 
during the compensatory pause varies according to the character of the 
heart contraction. If the normal tracing shows a fairly long diastolic 
pause, the compensatory pause denotes the same degree of dilation a& 
the normal pause. In hearts where there is practically no diastolic 
pause, however, the heart becomes much more dilated than usual in the 
compensatory pause. This merely indicates that in these the normal 
auricular impulse reaches the ventricle too soon to permit of its full 
relaxation, while in the long pause following a forced contraction it has 
time to dilate more completely. Occasionally the ventricle continues 
to dilate throughout the pause, but as a general rule the fully relaxed 
condition is reached early, and the lever then traces a line parallel to 
the abscissa. 3 

The post-compensatory contraction departs but little from the 
normal contraction save in its greater completeness. When Vs— Vp is 
very short, the phase of complete contraction is longer than usual 
(Big. 7). 

The refractory period of the ventricle in the dog as in the frog | 
(Engelmann) therefore coincides practically with the period of con- 
traction, the short stage during which the ventricle is refractory before 
the contraction actually commences being evidently really occupied 
with the processes of contraction although no actual movement occurs. 
The existence of the refractory period, it seems to us, must be explicable 
on the same theory as the law of maximal and minimal stimuli, The 
whole of the potential energy accumulated in the heart is expended 
whenever a contraction occurs. An increase in the strength of the 
original stimulus or an additional stimulus reaching it during the con- 
traction will therefore be ineffective because in neither case is there 
any available potential energy for it to act on. 

The variations in the irritability of the heart muscle have been 
already discussed by Engelmann and others, A function which under- 
goes variations of a similar nature is the contractility. No actual 
shortening of the muscle fibres can be caused by stimulation in the 
beginning of the irritable period, but the longer the interval Vs — Vp the 
greater the forced systole and the nearer does the summit of the con- 
traction approach that of the normal systoles. The contractility there- 
fore inereases in the same way as the irritability but the power of 
contraction is reinstated somewhat later than the irritability. If the 
variation of the two functions were represented graphically the curves 
would run parallel to one another but would not coincide. The extent 
of the relaxation when the stimulus reaches the ventricle seems to have 
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less effect than the time Vs— Vp, for in a slowly beating ventricle a 


stimulus reaching it early in its relaxation may often produce a larger 
contraction than one reaching a rapidly beating one at a much more 
advanced stage of relaxation. The interval Vs— Vp is therefore the 
determining factor, not the position of the ventricle when the stimulus 
reaches it. 

Another function which varies along with the contractility is the 
duration of the period of full contraction. The shorter the interval 
between the spontaneous and the forced contraction, the more acute is 
the apex of the contraction. This statement must be somewhat 
modified when Vs— Vp is very short as here the slow forced systole 
conceals this feature and often gives the impression that the phase of 
full contraction of the extra cycle is actually prolonged, but when the 
extra stimulus falls after relaxation is well under way, the shortening 
of the phase of full contraction becomes more marked the more quickly 
the forced contraction follows on the natural one. The retardation of 
the forced systole when Vs— Vp is short may be compared to the 
slower movement of the lever as it approaches the summit of systole 
in the natural contraction. 

We have made a number of experiments to find whether the 
irritability and contractility undergo the same changes in the forced 


contraction as in the normal one. For this purpose a second shock 


was given at a varying interval after the first. It was difficult to get 
satisfactory results in this way without measuring a very large number 
of curves, but we satisfied ourselves that the ventricle was absolutely 
refractory during the forced systole, and that the irritability increased 
during its relaxation. When Vs— Vp, was long, «.e. where the forced 
contraction resembled the natural closely, the irritability also varied 
but little from the normal. Thus the weakest shock that produces a 
forced contraction will produce a series of them if it be repeated at the 
corresponding point of the relaxation of each forced contraction. On 
the other hand if Vs— Vp, is minimal the irritability and contractility 
recover much more slowly than in the normal cycle. In this case no 
contraction whatever could be elicited during the first half of the relaxa- 
tion, and even in the second half only a very weak one. The con- 
tractility and irritability of the cardiac muscle undergo therefore the 
same changes in a forced as in a natural contraction. When the 
interval between the last spontaneous one and the extra stimulus 
is long, the extent of their variations is apparently the same as in the 
normal cycle, but when this interval is shorter, both functions are 
more depressed and require a longer time to be reinstated. 
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Engelmann has shown that in the frog the compensatory pause is 
due to the ordinary impulse reaching the ventricle during a period of 
low irritability. In the dog’s heart the explanation is the same, the 
compensatory pause lasting until the second auricular contraction and 
following it after the normal interval. In some of our tracings the 
period of the arrival of the auricular impulse can be closely defined 
and we have therefore attempted to find the exact point of the 
forced contraction corresponding to it. The advent of the impulse 
of course occurs in the normal heart in the interval As— Vs, and by 
finding in the forced contraction the point corresponding to the 
commencement of the auricular systole the period during which the, 
auricular impulse must fall is easily made out. If the extra stimulus 
reaches the ventricle very late the natural auricular contraction often 
commences before the forced ventricular, and the auricular impulse 
therefore reaches the ventricle in the very commencement of its extra 
systole. As Vs— Vp becomes shorter the auricular impulse reaches the 
ventricle somewhat lower in the course of the forced systole, and only 
when Vs—Vp is minimal does it reach it after the systole is completed. 
When the interval Vs — Vp is short, however, the ventricle is practically 
non-irritable during the first half of its relaxation, and the impulse 
- therefore has no effect. Engelmann’s explanation of the compensatory 
pause holds good therefore, for the mammalian as for the amphibian 
heart—the quiescence following a forced contraction is due to the 
dislocation of the auriculo-ventricular rhythm, by which the auricular 
impulse reaches the ventricle during a refractory period or a period of 
extremely low irritability. 

The compensatory pause is therefore merely a prolongation of the 
diastolic phase and the same increase in the irritability and contractility 
occurs. The longer the interval between the forced systole and the 
next one the greater the irritability and contractility. A second forced 
systole in the beginning of the compensatory pause is therefore weak, 
but the later in the pause the stimulus is given the greater the 
consequent contraction. The interval between the last spontaneous 
and the post-compensatory contractions is constant, as it corresponds to 


two normal cycles. The shorter the interval Vs— Vp the longer the ~ 


ventricle has to recover from the forced contraction and therefore the 
stronger is the post-compensatory. The contractility during the pause 
does not depend solely on its length however, for as we have mentioned 
the shorter Vs — Vp is, the greater the departure from the normal in 
the contractility. These two factors therefore are themselves con- 
ditioned by the length of Vs — Vp but, act on the post-compensatory 
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contraction in opposite directions. The shorter the interval between 
the natural and the forced contractions the less is the initial contrac- 
tility of the muscular fibre but the longer it has to recover. The latter 
factor always more than compensates for the low initial contractility, so 
that the post-compensatory systole is always much more complete than 
the normal one, and the shorter Vs — Vp the more perfect it is. Save 
for its greater completeness this contraction departs but little from the 
normal one unless the compensatory pause has been of very great 
length. In those cases, however, the period of full contraction becomes 
prolonged, and although the relaxation proceeds as fast as usual it 
is not completed when the third auricular impulse reaches the ven- 
tricle. The usual result of a premature or extra stimulus follows— 
the contraction is shorter and quicker, so that the following diastolic 
pause is again somewhat lengthened—that is a second compensatory 


Fig.9 
Ventricular tracing on quick drum showing the irregularities subsequent to 
the post-compensatory contraction. 


pause occurs. This pause is, however, comparatively short, but is 
sufficient to cause a rather more perfect systole than usual, after which 
the heart becomes entirely normal (Fig. 9). This secondary. cycle 
shows that the normal auricular impulse may have the same effect as 
an artificial stimulation and is therefore of interest as a proof that the 
same processes are produced by an extra stimulus as by the natural 
ones. a 
The whole of the phenomena of the forced contraction of the 
ventricle are then merely modifications of those occurring in the 
natural cycle, and every gradation between the completely normal and 
the most marked deviations from it may be elicited by altering the 
length of the interval between the spontaneous and the forced con- 
traction. The importance of this fact in explaining irregularities in 
the heart’s action cannot be over-estimated. An increase in the length 
of the interval not only allows of the entrance of a larger quantity of 
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blood into -the ventricle but also leads to a more complete emptying of 
the cavity, so that the out-put of a single contraction is increased in 
two ways. Ceteris paribus therefore the shorter the interval between 
two contractions, te. the more rapid the rhythm of the heart, the less 
the efficiency of each individual beat. Slowing of the heart on the 
other hand may increase the out-put of each beat, not only by allowing 
a fuller distension during diastole but also by increasing the extent of 
the contraction. These considerations have chiefly been drawn from 
the behaviour of the ventricle under stimulation, but the influence of 


the length of the pause on the contractility of the ventricle may also’ 


be observed by other methods of experimentation. Thus after vagus 
stimulation the first ventricular beat is often abnormally complete. 
The reason for this probably is that the contractility of the ventricle 
is reinstated before the irritability of the rhythm-giving part of the 
heart, so that when the first impulse reaches the ventricle, it finds it 
in @ condition of unusual vigour. 

Of course if the contractility of the ventricle be depressed or 
increased along with the irritability of the higher parts of the heart, 
as happens in most methods of slowing the heart, the contraction of 
the ventricle will not be increased by the slowing. For example, 
during vagus stimulation the beats may be weaker even though the 
interval between them is prolonged. 

The duration of the contraction varies in the same way as its 
extent. Thus a prolonged pause in diastole is followed by a longer 
stay in the position of full contraction, a short interval between two 
contractions leads to a rapid change from systole to diastole. 

As we have stated, the irritability of the ventricular muscle increases 
from the end of the refractory period up to. the arrival of the next 
auricular impulse. If this wave were cut short the irritability would 
presumably continue to augment until it was sufficient to set up a 
spontaneous ventricular contraction. In order to test the changes in 
the contractility under these circumstances we divided the physiological 
continuity of the auricles and ventricles by Wooldridge’s method and 
stimulated the spontaneously contracting ventricle as before. The 
results resembled in general features those seen in the intact heart. 
The “compensatory” pause was however not wholly compensatory, 1.¢. 
the interval between the last spontaneous contraction and the post- 
compensatory was shorter than two complete ventricular contractions, 
while in the intact heart it is almost exactly equal. The compensatory 
pause was therefore shorter in proportion to the whole cycle than it 
is in the intact heart. As Vs— Vp became shorter the ratios approached 
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each other more closely but they were never equal, This tends to 
support Engelmann’s view that the compensatory pause is not 
directly due to any processes in the ventricle itself, for if this were 
so, one would expect to find in the isolated ventricle the pause as long 
or longer in proportion to the ordinary contraction than it is in the 
intact heart’. In this experiment we think it may be considered that 
the irritability is equal at the commencement of each spontaneous 
systole. If the contractility increases along with and in the same ratio 
as the irritability the “post-compensatory” contraction ought to be 
equal in strength to an ordinary systole. Asa matter of fact however 
it is considerably stronger, so that the contractility of the ventricle 
seems to have been reinstated more rapidly than the irritability. We 
have stated that the contractility commences to be reinstated only 
some time after the irritability is sufficient to cause a reaction to 
stimuli. It seems however to increase more rapidly, so that the curves 
of the two functions do not run parallel to each other in their later 
stages, but actually cross each other. 

Stimulation of the auricle causes changes in its contraction analogous 
to those described as occurring in the ventricle. The refractory period 


Auricular tracing. The two lines to the right in- 
dicate, the limits of the refractory period, the others 
the points to which stimulation proved effective with 
the coils at 220, 200, 
from each other. 


Fig. 10 


here again embraces the contraction and a short period before it. The 
most irritable point lies just before the refractory period, and from 
this backward the irritability decreases until the end of the previous 
refractory phase (Fig. 10). 

Stimulation of the auricle at its most irritable point is followed by 


1 Since this paper was written, Engelmann’s description of the results of stimulation 
of the great veins in the frog has appeared. The phenomena resemble closely those which 
we have observed in the isolated ventricle, as was to be expected—both beating 
spontaneously and being devoid of impulses from other parts of the heart. 
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a shortening of the diastolic pause; the contraction is almost normal 
in extent, but the pause following it is somewhat prolonged and the 
second contraction is more complete than usual (Fig. 11). When a 
stimulus reaches the auricle somewhat earlier, the changes produced 
are more apparent, the first contraction becoming weaker, the compen- 
satory pause longer and the post-compensatory contraction stronger 
(Figs. 12, 13). Still earlier, the weakening of the forced contraction 
becomes very marked (Fig. 14), and eventually the movement becomes 


Fig,12 


Fig. 13 


Tracings of the right auricle (below) and right ventricle (above) showing the effects 
of stimulation of the auricle at different points in its cycle. In these the points 
corresponding to the normal contraction have been projected on the curve in 
order to show how far compensation occurs. 
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so minute that it scarcely depresses the lever, and the stimulus may 
seem to be followed by a very prolonged diastolic pause with the 
ordinary undulations. As in the ventricle the irritability is restored 
before the muscle is capable of further contraction, so in the auricle 
we have again evidence of the independent variations of the two 
functions, The relaxation of the auricle is never interrupted in its 
earlier stages by renewed contractions such as are seen in the ventricle, 
and the stage of full contraction is never prolonged by auricular 
stimulation, the earliest part of the curve that shows any modification 
being the last third of the relaxation. This difference is undoubtedly 
due to the much shorter duration of the phase of full contraction in 
the auricle and to its rapid dilatation. The latent period of the 
auricular muscle is so long that before the stimulus has commenced 
to cause any movement the auricle has dilated. 

As long as the interval As— Ap is of considerable length the com- 

pensatory pause in the auricle is truly compensatory, that is the 
interval between the last spontaneous contraction and the post- 
compensatory is equal to two auricular cycles (Fig. 11). When 
however the stimulus falls earlier in the irritable period, no true 
compensation occurs, the post-compensatory contraction being pre- 
mature, and the rhythm of the heart therefore being somewhat 
accelerated. Sometimes the next contraction of the auricle falls at 
the ordinary interval and the heart rhythm therefore becomes again 
perfectly regular. In other cases however the next pause after the 
post-compensatory contraction is somewhat prolonged, and occasionally 
the next three or four contractions (Fig. 14) are distinctly retarded, 
this retardation becoming less in each cycle until it eventually 
disappears, and the heart beats in its old rhythm. 
_ The auricle therefore when As— Ap is maximal does not gain at 
all in rhythm. When As—Ap is less it may be accelerated by a 
fraction of a beat, but this initial gain is sometimes nullified by a 
succession of somewhat prolonged pauses, so that after a varying 
number of contractions the systole occurs at exactly the same time as it 
would have done had there been no extra stimulus. In other words, - 
when As— Ap is short the compensation before the first natural 
contraction is always imperfect, but may eventually become perfect 
from a series of short compensatory pauses. The first spontaneous 
contraction is always of exaggerated strength as in the ventricle. 
When the compensation is spread over several cycles, each of the 
contractions is unusually strong (Fig. 14) but become successively 
weaker until they reach the normal extent. 
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The explanation of the compensatory pause of the auricle seems to 
be the same as that of the ventricle, the first stimulus from the veins 
reaches the auricle in a refractory period and it therefore remains 
quiescent until the next arrives, The premature contraction of the 
auricle may be explained in several ways. In the first place it might 
be due to the escape of current to the veins, although we think this 
is improbable as the same features occur when instead of stimulating 
through the hooks of the myocardiograph, electrodes were placed on the 
extreme tip of the auricular appendix—in one case 4cm. from the 
junction of the auricle and superior cava. Besides the same features 
may be produced by mechanical irritation. 

The explanation therefore seems to be either that the contraction 
wave passes from the auricle to the great veins and there sets up a 
forced contraction, which returning to the auricle causes the premature 
systole, or that the irritability of the auricle gradually increases until it 
culminates in a contraction which is independent of the great veins 
and initiated in the auricular muscle itself. As to which of these two 
is the correct explanation, we are-unable to give any opinion, and feel 
that it would be useless to balance probabilities before the movements 
of the great veins have been examined. 

As in the ventricle, the forced contraction of the auricle is less 
complete than the normal and its apex is generally more pointed. As 
the interval As—Ap becomes shorter, the actual systole and diastole 
become somewhat slower, so that the whole contraction may occapy 
longer time than when a much greater movement takes place. During 
the compensatory pause, the auricle is often more dilated than normally 
but this is not invariable. The “post-compensatory” contraction is 
always more complete and generally occupies more time than usual. 
The results of artificial stimulation are therefore very similar in both 
cavities although at first sight they present some differences, of which 
the chief is the incompleteness of the compensation. Another point in 
which they apparently diverge is in their behaviour when a stimulus 
strikes them at the beginning of the irritable period. In the ventricle 
the contraction is prolonged, while in the auricle not infrequently the 
only effect seems a prolongation of the diastolic pause. This last 
was considered by Meyer to be an evidence of inhibitory activity, but 
we have observed it repeatedly in the heart after atropin and it is merely 
the last of a series the other extremity of which is a contraction in 
almost no way to be distinguished from the normal one. Another 
feature noted by Meyer occurs occasionally in our tracings, especially 
when strong stimuli were used—a series of rapid contractions following 
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a single stimulus. We are inclined to regard this as due to an escape 
of current to the sinus or ventricle or both and not to action on special 
nerve-centres as he does. 

McWilliam states that, on a stimulus being applied to the 
ventricle of the cat, the contraction beginning at the stimulated point 
spreads to the auricle, and eventually to the great veins. Meyer 
found in dogs no auricular contraction on ventricular stimulation, but 
states that the post-compensatory contraction of the ventricle cor- 
responds with a more complete contraction of the auricle, and that the 
subsequent diastole is rather longer than usual. In our experiments, 
the effects on the auricle differed in different animals. In many cases 
no alteration of the auricular movements could be detected after 
ventricular stimulation. In others the auricular systole was rendered 
premature and a short compensatory pause followed, while in a third 
set of cases the auricular systole was sometimes rendered imperfect but 
no other derangement of the auricular movements could be made out 
by the most careful measurements—the contraction was not premature, 
and was not followed by a pause of longer duration than the normal 
(Fig. 4). The first abnormality may be explained by the passage of 
the wave of contraction from the ventricle to the auricle and. the 
following is probably the explanation of why it occurs in some cases 
and not in all. If the normal impulse from the auricle to the ventricle 
travel slowly, a second impulse may reach the auricle from the great 
veins very soon after the first one reaches the ventricle. The ventricle 
is only irritable during its relaxation and an extra contraction passing 
backwards to the auricle would therefore find the auricle in its re- 
fractory phase. If however the ventricular contraction follows very 
soon after the auricular, there may be time for a contraction wave 
to pass back from the dilating ventricle to the still irritable auricle. 
Measurements in those cases in which no effect was produced on the 
auricle by -ventricular stimulation showed the correctness of this 
hypothesis, for the extreme systole of the ventricle was found to 
correspond in time or to precede immediately the commencement of 
the refractory period of the auricle. 

In other cases the ventricular relaxation commenced some time 
before the auricular refractory period and the impulses passing back- 
wards produced a forced contraction of the auricle. In our experiments 
the backward impulse reached the auricle only just before its refractory 
period set in and the changes in the auricular contraction were 
therefore very slight. We thought that the large quantities of anzs- 
thetic used might increase the duration of the interval between the 
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auricular and ventricular contractions and therefore limit the possibility 
of auricular movement, but in one experiment in which morphin and 
curari alone were used the same results were obtained. At the 
same time it is not impossible that under special conditions further 
alterations of the auricular contraction might be produced such as 
Meyer describes, although we are not disposed to accept his ex- 
planation of them. 

We are not prepared to offer any explanation of the third set of 
phenomena—the weakening of the auricular contraction without any 
aberrations preceding or following. Engelmann found a similar 
phenomenon in the frog on direct stimulation of the auricles and 
ascribed it to stimulation of the inhibitory apparatus by the shock. 
The appearances in the dog’s auricle are exactly those which would 
be produced by slight inhibition, but they occur after atropin, and 
besides it is difficult to see how the inhibitory apparatus of the auricle 
could be stimulated by shocks applied to the ventricle, unless on the 
hypothesis of an intracardiac reflex. 

We have not been able to make out any changes in the movements 
of the great veins on stimulation of the ventricle or even of the auricle, 
but these would be difficult to note without graphic registration. The 
rhythm of the heart is not disturbed however as it would probably be 
if a forced contraction were produced in them, and it is probable 
therefore that, with the exception mentioned in the description of the 
bebaviour of the auricle under direct stimulation, the veins are not 
affected by stimulation of the ventricle and auricle. 

On the application of a stimulus to the auricle during its irritable 
period there follow the same changes in the ventricle as those- produced 
by its direct stimulation with one exception which will be mentioned 
below. The most irritable point of each being the moment before 
contraction, and the rate of transmission being the same whether the 
original impulse is natural or artificial, it follows that stimulation of 
the auricle at its most irritable point is followed by a ventricular 
contraction exactly similar to one produced by direct stimulation of the 
ventricle at its most irritable period. (Cf. Figs. 3 and 11.) So stimu- 
lation of the auricle just at the end of the refractory period is followed 
by the characteristic prolongation of the ventricular systole (Fig. 14). 
The ventricular compensatory pause is here again due to the absence 
of stimuli, but the dislocation is not here in the auriculo-ventricular 
rhythm but in the sino-auricular. When the auricle however reaches 
the limit of quiescence and contracts prematurely, the impulse reaching 
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the ventricle in the compensatory pause causes a contraction, so that 
the quiescent stage may be much abbreviated. This is often seen in 
a very marked form when on stimulation of the auricle the ventricular 
contraction is prolonged. When this occurs on direct ventricular stimu- 
lation, the pause is of extreme length, but here it may be extremely 
short (Fig. 14). This we think demonstrates conclusively that the com- 
pensatory pause of the ventricle is due to the absence of an efficient 


impulse. The post-compensatory contraction in these cases is also 


much reduced in strength, is sometimes of normal extent, and some- 
times less complete than the regular contraction—a further proof that 
its exaggerated strength in other cases is due to the prolonged pause. 
Stimulation of one ventricle is followed by a forced contraction in 
both, the contraction wave passing over very rapidly so that the 
contractions are almost simultaneous and the tracings are very similar. 
A certain delay occurs however, so that if the stimulus be applied to 
the right ventricle immediately before its refractory period, the impulse 
may reach the left during its refractory period and therefore produce 
no effects. Conduction seems equally rapid in both directions. On 
stimulating the right auricle a forced contraction occurs in both 
ventricles—whether the impulse passes to 
the left ventricle by way of the left auricle 
or by the right ventricle, we are unable to 
state. 
Stimulation of any part of the heart 
during its refractory period produces no 
effect either in the stimulated division or 
in others. 
Stimulation of the great veins produced 
much the same effects on the auricle and 


- ventricle as stimulation of the auricle 


(Fig. 15). The shortness of the compen- 
satory period is more especially marked. In 
one experiment we attempted to find the 
extreme limit at which stimulation of the _— 

vena cava produces irregularity of the auricle 

and ventricle. We found that beyond 4cm. low ae geile above 
from its junction to the auricle in a moderate 
sized dog stimulation of the superior cava 

had no effect, while the inferior produced forced contractions “y 
when stimulated within the pericardium. 
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AN INDUCTOR-ALTERNATOR FOR PHYSIOLOGICAL 
EXPERIMENTS. By GEORGE J. BURCH, M.A. (Two 
Figures in Text.) 


THE Inductor-Alternator described in this Paper was designed by 
me in the winter of 1890, but it was not until 1894 that I super- 
intended the construction of the machine I had invented, Since then it 
has been used by Prof. Burdon Sanderson, and also by Prof. Gotch, 
who has briefly described its main features in his paper with J. S. 
Macdonald on temperature and excitability’. 

A somewhat similar machine has been employed in America by 
Langdon and Schenk for therapeutic purposes’. 

For purposes of physiological research it is essential, whatever form 
of excitation is selected, that the machine employed should be so 
constructed that the experimenter may rely upon its producing some 
one particular type of current-wave and no other. More especially is 
this the case in dealing with minimal stimuli, when the smallest 
accidental increase of a single shock may vitiate the results of an 
observation. The beautiful arrangement of Marés, exhibited at Lidge, 
in which a magnet passes through the centre of an induction coil, is 
perfect in this respect as far as single stimuli are concerned. 

There are many magneto-machines and dynamos of the type known 
as “ Inductor-Alternator” that generate currents of a sinusoidal character, 
which might be absolutely regular if it were possible to ensure perfect 
regularity in the winding and construction of the machine. My 
apparatus is designed specially to obviate this difficulty, and is provided 
with adjustments which are not needed and not supplied in any 
commercial dynamo. I have therefore described these details somewhat 
fully. The machine is solidly built, easy to make, and not liable to get 
out of order. 


1 This Journal, xx. 1896, p. 224 et seq. ° 
2 Cincinnati Lancet-Clinic, May 30, 1896. 
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For the special purpose I had in view, three conditions were 
essential, 

(1) The machine must be capable of giving any desired number 
of alternations from 10 to 200 or more per second. 

(2) There must be no irregularities in the periodic variations 
of E. M. F. 

(3) The intensity of the current must be adjustable. 

The high speed contemplated rendered it necessary to have a 
raultipolar machine. Such an arrangement involved the possibility of 
differences in the windings and consequent periodic changes of the 
current curve, but this difficulty was obviated by placing all the coils 
of the exciting circuit in one series and all those of the induction 
circuit in another, and also by providing means for accurately centreing 
the armature shaft with respect to the field magnets. 

The second condition precluded the use of brush contacts or 
commutators, and pointed to some adaptation of the plan first employed 
by Pixii in 1832, namely the generation in a fixed coil of currents by 
the rotation of a magnet in front of it, or of the method introduced by 
Ritchie in 1837, and utilized by many subsequent inventors, in which 
neither field magnets nor armature revolved, but the induced currents 
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were generated by rotating in front of them pieces of soft iron and so 
producing rapid periodic variations in the magnetic field. 

The third condition is fulfilled by causing the alternating current 
given by the machine to pass through the primary of an ordinary sledge 
coil such as is used in physiological work. By adjusting the position 
of the secondary, with which the wires leading to the exciting electrodes 
are connected, a series of secondary induced currents of any requisite 
degree of strength can be obtained. In order to have the power of still 
farther varying the current the machine is excited by a series of electro- 
magnets in place of permanent magnets. 

Fig. 1 is a diagram of the machine in elevation, and Fig. 2 is a plan 
of the lower end-plate with its ring of magnets. 


The frame consists of two end-plates A, A’ of cast-iron, with lugs 
B, B, B bored to receive the three brass pillars C,C which serve to 
hold them in position. By means of the nuts D, D, of which there are 
two on each side of each lug, the end-plates can be accurately adjusted 
and firmly secured. | 

Each plate carries a ring EZ of cast-iron held by the three set-screws 
F, F, F which enter a V-shaped groove on its outer edge. This arrange- 
ment is provided so that the two rings can be centred with respect to 
the armature-shaft. 

Upon each ring are 24 pole-pieces of soft Swedish iron, wound with 
insulated wire and connected as follows :— 
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The 1st, 3rd, 5th, ete. coils are connected in series with a battery, 
and are wound so as to form a succession of North and South magnetic 
poles alternately. The intermediate coils, namely the 2nd, 4th, 6th, 
ete. constitute the induction circuit and are wound alternately clock- 
wise and counter clockwise, being all joined up in series. The opposite 
ring is similarly arranged, and is set so that the North poles of its 
magnet circuit come exactly over the North poles of the lower ring. 
This adjustment can be made by slacking one of the set-screws F’, and 
rotating the ring as much as may be necessary. There are other 
positions of the poles at which the machine will work, but either the 
output is smaller or the alternations are not regular. 

The armature-shaft is of steel, and works in accurately-fitting brass 
bearings bolted to the end-plates A, A’. To prevent end-play, a steel 
plate which can be adjusted by a set-screw, H, presses against each 
extremity of the shaft. 

At the middle of the shaft is a short brass cylinder or distance-piece 
against which two brass discs K, Z are fixed with double nuts. The 
armature pieces, of which there are 12, of soft Swedish iron, have a 
turned shoulder at each end, and fit into holes in the discs K and L by 
which they are securely held. 

Four ebonite blocks, of which two are shown in the drawing, are 
screwed to tbe iron rings #, EZ’ to carry the necessary terminals, each 
circuit on the upper ring being joined in series with the corresponding 
circuit on the lower ring. 

The action of the machine is as follows. When the 12 armature 
pieces exactly coincide with the 12 poles of the induction circuit in 
each ring, they tend to carry over the lines of force from pole to pole of 
the magnetic circuit without influencing the induction circuit. But as 
the shaft rotates clockwise, each armature, after J,th part of a revolu- 
tion, is so placed as to conduct towards the induction coil nearest to it 
the lines of force from the magnetic pole on the right hand, and in so 
doing generates a current around it, Thence the armature passes on to 
the neutral position between the magnetic poles when the induction 
coils are equally influenced by the magnets on both sides of them. 
After &,ths of a revolution a second armature piece has arrived half-way 
between each induction coil and the magnet on its left hand, which 
being of opposite polarity to the one on the -right, induces in it a 
current in the opposite direction. After Aths of a revolution the cycle 
of changes is complete. The induction coils being wound alternately 
clockwise and counter clockwise, all the currents in them at any instant 
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are in the same direction as well as in the same phase, and being 
connected together in series, any differences in the rate of rise and fall 
of E. M. F. due to dissimilarities in the coils are obliterated if the 
armature pieces are symmetrically placed. This is ensured partly by 
care in shaping and arranging the armatures, and partly by the simple 
and convenient means of adjusting and centreing the rings Z and EF’ 
by the set-screws H, H and the nuts, D, D. There is a three-speed 
pulley on the shaft and the machine is driven by a water motor. It is 
secured to a firm wooden base by three clamps screwed to the lugs 
B, 

The apparatus can be dismounted in a few minutes by taking off 
the six nuts from the upper ends of the pillars 0, C, C, when the 
end-plate A with its ring of coils can be lifted off, and the shaft taken 
out. The gap-space can be adjusted by altering the position of the 
nuts, D, D and of the set-screws H, H at the ends of the shaft. 

To minimize atmospheric friction, annular brass plates into which 
the free ends of the pole-pieces are fitted are bolted to the rings Z, EX’. 


Tests of the performance of the Machine. 

To test the machine electrically, I connected it with the capillary 
electrometer and took a number of photographs with the armature 
shaft revolving at different speeds. The resulting curves, two of which 
have been published in the ‘ Electrician’, are extremely regular, and 
show no mounting or falling of the meniscus, so long as the E. M.F. is 
not sufficient to cause electrolysis of the acid. 

When this is the case—e.g. when a strong current is sent through 
the exciting circuit—the meniscus mounts (moves towards the tip of the 
capillary) as it invariably does when an alternating current from any 
source is sent into the electrometer and causes electrolysis. This is a 
property of the electrometer, and does not indicate any inequality of 
E. M. F. in the alternation of the current. 

The highest speed attained gave 400 double alternations per second, 
and the lowest about 10. A telephone connected with the machine 
gave a pure note, which at once changed to a harsh sound on slackening 
any of the terminals so as to make a loose contact. 

It is noteworthy that after a while, the machine retains sufficient 
magnetism—probably owing to the cast-iron used for the rings—to 


1 The Electrician, Aug. 21, 1896, p. 582, and also The Capillary Electrometer in Theory 
and Practice, Part 1. by George J. Burch, (Reprinted from The Electrician.) 
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give an alternating current without the aid of a battery. By sub- 
stituting steel for Swedish iron in the magnetic pole-pieces, this effect 
could be increased and might be useful as conducing to steadiness 
of action. It should be observed that the output is small since 
everything is sacrificed to the evenness and steadiness of the current- 
curves, and a large current was not required. 

Physiological Tests. To use the machine for the excitation of 
nerve-muscle preparations, the induction circuit is put in series with 
the primary of an ordinary sledge coil, the secondary of which is 
connected with the exciting electrodes. The reason for doing so is 
twofold. The E.M.F. of the machine itself is comparatively low, and 
it is not capable therefore of transmitting much current through a high 
resistance. But the internal resistance is purposely kept low so that it 
may work well with a transformer. This enables advantage to be 
taken of the well-known method of regulating the intensity of an 
induction shock by altering the distance between primary and secon- 
dary, or by moving the core in or out. I made some experiments 
to test the range of the adjustment in passing from maximal response 
to no response. I recorded upon a revolving cylinder the extent of the 
contraction of the gastrocnemius of the frog when its nerve was excited 
by the transformed current from the inductor-alternator. A key was 
provided by which to short-circuit the exciting électrodes except 
during an actual experiment. 

A series of observations was then made with the secondary coil 
in different positions. The magnitude of the contractions began to 
diminish when the coil was at. 5cms. From that point it was shifted 
one millimetre at a time, to 5°5 cms. when the contraction was scarcely 
visible. A record was obtained with the coil in each position, and the 
series showed a remarkably regular decrease of the response, becoming 
more rapid as the excitation was diminished. By employing a stronger 
exciting current in the magnetic circuit, so as to get the minimal 
stimulus with the coil at 10cms., a proportionately greater range can 
be obtained, but it may be still further increased by the use of a 
special form of core long enough to project some distance from the end 
of the primary of the sledge coil, and made to taper by cutting the 
outer layers of iron wire shorter than those nearer the centre. In this 
way a considerable range of adjustment may be obtained between the 
positions of maximal stimulation and no response. 
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PRELIMINARY. 


THERE are several investigations on the pigments of different Crustacea ; 
thus Maly ® described a red and a yellow pigment in the eggs of 
Maia squinado, Halliburton” in the course of his paper on the 
Blood of the Crustacea described a red pigment in Astacus, Nephrops, 
etc., Krukenberg ™ discussed some of the characters of the coloration, 
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while Moseley and MacMunn™ have studied the spectroscopic 
characters of certain of the pigments; notwithstanding this there is 
no general investigation on the pigments of the shell. The matter 
is of considerable interest because, as is well known, while red pigments 
are very common in the group, they tend to predominate in the deep- 
sea forms, those inhabiting moderate depths being very frequently blue 
or green. Again, as is most familiar in the common lobster, the blue 
or green colours turn red on the application of heat, acids, alcohol 
or of many other reagents; but the exact nature of the change is 
unknown, Krukenberg” called the blue pigments lipochromogens, 
and believed that they readily underwent change, then giving rise to 
the red (lipochrome) pigments. Pouchet™ called them the soluble 
blues or cyanic series, and apparently considered that their destruction 
allowed the previously invisible red pigments—the xanthic series—to 
become apparent. The object of the present investigation was to find 
if possible the relation between the two series, and to study the 
characters of the pigments. The work was carried on first in the 
Physiological Laboratory, Surgeons’ Hall, and later in the Laboratory of 
the Royal College of Physicians, Edinburgh. I have to express my 
obligations to the Council for permitting me to occupy a place in the 
Laboratory, and especially to the Superintendent, Dr D. Noé! Paton, 
for much kind advice and assistance throughout. 


CRUSTACEA INVESTIGATED. 


The animals chosen were Homarus vulgaris, the common lobster, 
Nephrops norwegicus, the Norway lobster, and Astacus nobilis, the red- 
clawed variety of the fresh-water crayfish. The colours of the three 
are very different. In the lobster the shell is a deep blue-black colour, 
the underlying hypodermis being bright red. In Astacus the shell is of 
a greyish-brown colour, tending to become red in places and especially 
on the lower surface of the penultimate segment of the chel#. The 
hypodermis is bright blue, or violet or reddish, and in many places 
is clearly visible through the almost transparent shell. In Nephrops 
the shell is orange and the hypodermis red. 

It has long been known that the red or orange pigments colouring 
these structures are lipochrome pigments, although there are no com- 
plete chemical investigations on the subject. 
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CHARACTERS OF THE LIPOCHROME PIGMENTs. 


1, Definition of Inpochrome Pigments. 


The term lipochrome was introduced in 1882 by Krukenberg ® 
to denote a series of pigments exhibiting the following characters :— 
They are colouring matters which vary in tint from red to yellow or 
greenish yellow, are readily taken up by fats, and in their natural con- 
dition usually occur dissolved in fats, become bluish-green to deep indigo 
when treated with concentrated sulphuric or nitric acid, give a spec- 
trum with one, two, or perhaps even three bands in the blue or violet, 
and which are further characterised by the fact that they are not 
destroyed by the process of saponification, and are soluble in chloroform, — 
ether, alcohol, carbon disulphide, benzol, and in fatty and ethereal oils. 
The term has been widely accepted in place of the older lutein which 
was employed in a less extended sense. 


2. Methods and Results of previous Investigators. 


Maly worked at the pigments of the eggs of Maia. He found 
that the eggs contained two pigments, a red and a yellow, and he 
describes three methods of separating them. He found that the 
pigments could be obtained by extracting the ova with a cold aqueous 
solution of albumin. The watery solution was then coagulated by 
boiling after the addition of a drop of acetic acid, and the coagulum 
was extracted first with petroleum ether and then with carbon di- 
sulphide. The first solvent became yellow and the second deep red. 
Maly however admits that this is not conclusive, as the effect of carbon 
disulphide is to heighten the colour of these pigments, but states that 
the yellow solution left on evaporation a yellow pigment and the red 
one a red pigment. 

As a modification of this method he directly extracted the eggs 
with petroleum ether, and then, after pouring off the ether, extracted 
the eggs with water. The red watery solution gave no bands, the 
petroleum ether showed a feeble band in the neighbourhood of the 
F line. 

His second method was to treat an alcoholic extract of the eggs 
with pure animal charcoal, and allow it to stand for three or four hours 
and then filter. The solution filters yellow, the red pigment being, he 
says, detained on the filter. 
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His third method was to add warm saturated baryta water to the 
alcoholic extract, when the red pigment is completely precipitated as 
a baryta compound while the yellow is not. The compound is washed 
with alcohol in which it is insoluble, and then with alcohol containing 
dilute acid, by means of which the pigment is obtained pure. Similar 
compounds are formed by the addition of caustic soda or potash, lime or 
magnesia. The yellow pigment does not form such compounds. Of 
the yellow pigment Maly has little to say: he admits the extreme 
difficulty in obtaining it pure, says that it gives the blue colour with 
concentrated nitric and sulphuric acids with more difficulty than the 
red, but gives the spectra of the two pigments as the chief means of 
distinguishing them. The red pigment he says gives a broad band 
round F, the yellow two bands, one at F and one between F and G 
—a statement which is obviously inconsistent with that made as to the 
spectroscopic characters of the yellow petroleum ether solution obtained 
in his first method. 

Investigators since Maly have either confined themselves wholly to 
spectroscopic work or have employed a modification of his third method 
as a means of separation of the red and yellow pigments. Thus 
Krukenberg, who repeated Maly’s observations on Maia, extracted 
the eggs with alcohol, and saponified by Kiihne’s method. This con- 
sisted in adding a 20°/, solution of caustic soda in the proportion of 
1 to 50, driving off the alcohol by heat, adding water, and, after 
boiling for some time, a strong solution of common salt. He then ex- 
tracted the soap with petroleum ether repeatedly, and afterwards with 
ether. The first solution according to him contained Maly’s vitellolu- 
tein and gave a two-banded spectrum, the second—Maly’s vitellorubin— 
gave a single band. Krukenberg speaks, however, in an exceedingly 
doubtful way of these two pigments, and considers that there is pro- 
bably in the eggs a third pigment—zoonerythrin, which gives no bands 
in its spectrum. In another investigation on the pigments of the 
Crustacean Virbius he got a one-banded spectrum with an alcoholic 
extract, but the residue after evaporation of the alcohol on being 
dissolved in ether gave a two-banded spectrum. 

The only other important chemical investigations appear to be 
the recent ones by Zopf (1892). Zopf studied the pigments of the 
little fresh-water Crustacean Diaptomus bacillifer. His method was 
similar to that of Krukenberg. He extracted in a mixture of hot 
alcohol and ether, evaporated off the ether, added caustic soda, 
boiled the solution to remove the alcohol, and then added excess of 
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common salt. The soap was digested with petroleum ether which 
became yellow. This yellow solution gave a two-banded spectrum, and 
left on evaporation a yellow pigment which gave a blue colour with 
concentrated nitric or sulphuric acid. 

The soap was washed with ether, and then with dilute sulphuric 
acid, and then again with ether which became reddish-yellow, gave 
a single broad absorption band, and left on evaporation a red pigment 
which gave the usual blue colour with strong acid. He gives some 
other characteristics of the red pigment; among them that the sodium 
compound is soluble in ether, petroleum ether, benzol and carbon 
disulphide, and is readily precipitated by adding caustic soda to an 
alcoholic solution of the pure pigment, the pigment being reformed 
on the addition of acid. This obviously introduces a difficulty into 
his method, for if the sodium compound of the red pigment is soluble 
in petroleum ether and is present in his soap, how can he prove that: 
the yellow petroleum ether extract contains nothing but the yellow 
pigment? My own observations make me believe that this is an 
insuperable difficulty, but further criticism may be left until these 
observations have been detailed. 


3. Observations on the Lipochrome Pigments. 

In the three Crustaceans investigated it was found that lipochrome 
pigments occur in each case in three situations, (a) in the shell, (6) in . 
the hypodermis, and (c) in the ova, and can in every case be extracted 
by means of alcohol. It may be convenient to remark at once that 
in the three animals, Homarus, Astacus and Nephrops, the pigments 
seem to be identical, whatever the apparent difference of tint. 

(a) The shell_—The shell of Nephrops is naturally orange-red and 
the shells of the other two become orange-red when boiled with water. 
Tn all cases on decalcification with dilute acid the orange tint is lost 
and the colour becomes pure red. The undecalcified shell, especially 
in Nephrops, yields little pigment to cold alcohol, and even on boiling 
gives only a yellowish solution. After decalcification, the shell yields 
some pigment to cold alcohol, and on boiling a bright orange-red - 
solution is formed. Unless therefore the removal of the lime salt 
produces merely a physical change, it would seem that the action of 
the acid has a direct effect upon the pigment. 

The orange-red extract of the decalcified shell was in the early 
experiments saponified by Ktihne’s method, but this was later found 
unnecessary and the following simple method was adopted. A few 


4 
¥ 


242 I. NEWBIGIN, 


drops of caustic soda were added to the alcoholic extract, and the whole 
heated on the water-bath, water being added if necessary. Usually in 
the course of a few minutes there was a copious precipitate of pigment 
of orange-red colour, the solution being left a clear yellow colour. The 
precipitate was collected on a filter, washed with cold alcohol in which 
it is insoluble, and then, with dilute acetic acid, which completely changes 
the colour from orange to dull red. The pigment is now readily soluble 
in cold alcohol, forming a pink or red solution, and is probably identical 
with Maly’s vitellorubin and Moseley’s™ crustaceorubin. As already 
described by the former it forms compounds with the alkalis and 
alkaline earths, all of which compounds are insoluble in cold alcohol 
and are of an orange-red colour. The fact that the lime compound 
is orange in colour and insoluble in cold alcohol suggests that the 
colour of the shell in Nephrops is not due to the pure pigment but to 
the lime compound. This would at least explain the colour-change 
during decalcification, and the fact that the undecalcified shell yields 
so little pigment to alcohol. 

When caustic soda is added to the alcoholic solution of the shell, 
and the orange-red precipitate separates out, the solution is left a clear 
yellow colour. This solution does not yield any precipitate even when 
the alcohol is completely removed by boiling, and the solution acidified. 
It is not precipitated on the addition of salt, and is not removed from 
the solution by shaking in a separation funnel with petroleum ether. 
From the descriptions of Maly, Krukenberg and Zopf it was at 
first concluded that this yellow pigment was a yellow lipochrome. All 
these investigators state that the yellow pigment does not form com- 
pounds with alkalis or alkaline earths, but there is some difficulty in 
making out from their descriptions what becomes of the pigment in 
alkaline solutions. The yellow pigment obtained above is certainly 
soluble in caustic soda, and cannot be precipitated from the solution 
by any means known to me. Not infrequently on shaking the yellow 
solution with ether, the ether extracts some pigment, and on evapo- 
ration leaves an orange mass which may give the blue colour with nitric 
and sulphuric acids. The whole of the colour can never be extracted in 
this way, and I am of opinion that in the cases where the blue colour 
was obtained from the residue, it was due to a trace of crustaceorubin 
not completely precipitated by the caustic soda, and not to the yellow 
pigment. Later in connection with the ova more detailed reasons 
will be given for the view that this yellow pigment is not truly a 


lipochrome. 
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The yellow pigment can also be obtained by boiling the shell with 
caustic soda for a short time, when it passes into the solution. 

(b) The hypodermis—From the hypodermis of the three forms 
alcohol or ether similarly extracts the pigment, forming with the first 
reagent an orange-red solution, with the latter a yellow or orange one. 
The largest amount of pigment is contained in the hypodermis of the 
lobster, which is a very brilliant red; that of Astacus in the natural 
condition is blue, but it turns red on the addition of either alcohol or 
ether. 

The hypodermis in each case exhibits some very curious colour- 
changes with the two reagents mentioned. When the skin, e.g. of the 
lobster, is placed in ether, the ether becomes first yellow, then orange, 
or if much pigment be used orange-red, the tissue itself also turning 
orange. If the ether be poured off and the skin allowed to dry, it 
recovers its red colour. When the skin is boiled with methylated spirit 
or absolute alcohol, the alcohol becomes orange-red and the skin a dull 
red; prolonged boiling completely removes the pigment, forming a 
dark orange-red to cherry-red solution. These colour-changes were at 
first ascribed to differential extraction, but of this no evidence could be 
obtained. The alcoholic solution was treated with caustic soda as 
before, and as before an orange-red precipitate fell, leaving a yellow 
solution; the two pigments appeared to be identical with those of the 
shell. 

The explanation of the changes observed when the hypodermis 
is treated with different solvents is found in the characters of the 
red pigment. This pigment is red in the dry state when pure, but 
turns orange on being treated with ether and yields an orange solution. 
If the yellow or orange solution be allowed to evaporate, the red colour 
reappears as the last drops of ether pass off. The same phenomenon 
is noticeable in the case of petroleum ether which gives a pure yellow 
solution. The observation is of importance because as we have already 
seen Maly and Zopf regarded a pure yellow solution in petroleum ether 
as evidence of the existence of a yellow pigment ; my observations go to 
prove that the conclusion is absolutely untrustworthy. There seems 
to me to be little doubt that Zopf’s petroleum ether contained traces 
of the sodium compound of the red pigment, which in small amount, 
or after fading, may appear yellow. 

Another important point about the red pigment, and one which, 
although known to Maly, has been neglected by a!l subsequent writers, 
is its ready solubility in solutions containing proteid. A direct ex- 
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traction of the hypodermis of the lobster with water gives a pure red 
solution, which is perceptibly deeper in tint if a trace of a neutral salt 
be added in order to dissolve globulins, Further, the red pigment is 
not only soluble in solutions containing native proteid but also in those 
containing albuminates. Thus a direct extraction of the hypodermis in 
water is coagulated on boiling, the pigment being precipitated with the 
albumin, but if a few drops of caustic soda are added, then alkali- 
albumin is formed and the pigment remains in solution, even on boiling, 
with the proteid. From such solutions the pigment is not precipitated 
by any reagent which does not also precipitate the proteid. 

(c) The ova.—The ova of the lobster were the only ones investi- 
gated. In the natural condition they are of a green colour, but_are 
turned red by a great number of reagents. The methods of obtaining 
the pigments were the same as before and showed that here again two 
pigments existed, a red and a yellow; the yellow was however present 
in much larger amount than in the shell or hypodermis. 


4. Characters of the Red Pigment. 


The red pigment, which may be called by Moseley’s name of crus- 
taceorubin, is bright red in mass in the dry condition. It dissolves in 
ether and petroleum ether to form in each case when dilute a pure 
yellow solution, in alcohol to form a pink to red solution, in benzol or 
chloroform to form a bright pinkish-red solution. In the pure state 
it is exceedingly unstable, whether in the dry state or in solution, 
fading even in darkness within a day or two at most. The solutions in 
benzol seem to be the most persistent, but this is probably due to their 
brighter colour, which renders the fading less obvious than in the case 
of alcoholic solutions. Pigment dissolved in benzol loses with great 
rapidity the power of giving a blue colour with strong acid. This 
instability is characteristic only of the pigment when obtained pure by 
the decomposition of the sodium compound, solutions containing the 
red pigment mixed with the yellow being relatively stable. 

The dry pigment gives with concentrated sulphuric or nitric acid a 
brilliant blue colour, which especially in the case of nitric acid is 
extremely evanescent. 

Further, the pigment forms compounds with caustic soda or potash, 
and with lime, baryta and magnesia. The compounds are orange-red 
in colour, but the pure red pigment is instantly regenerated on treating 
them with dilute acid. The compounds are insoluble in cold alcohol, 
but are soluble in ether, petroleum ether (slightly) and in benzol; they 
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are quite insoluble in alkaline solutions either hot or cold, but are 
readily soluble in solutions of the albuminates. From these they are 
precipitated by any agent which precipitates the albumin. 

The red pigment is soluble both in fats and in albuminous solutions ; 
in the Crustacea mentioned it does not seem to occur in connection 
with fat. | 

As to the spectroscopic characters, in a strong solution the pigment 
absorbs all the spectrum except the red and a little of the green, but in 
a dilute solution there is a very ill-defined band in the neighbourhood 
of F, as already described by Halliburton and Krukenberg. With 
a spectroscope of wide dispersion the band is very faint and cannot be 
accurately measured. The centre appears to be between 495 and 500. 

Besides occurring in the situations mentioned the pigment is found, 
as described by Halliburton, in the blood; here it is unmixed with 
the yellow pigment, 


5. Characters of the Yellow Pigment. 


About the. yellow pigment it is not possible to say very much 
as it is exceedingly difficult to obtain pure. It occurs in the shell, 
hypoderm and ova, but in largest amount in the ova. It is readily 
soluble in ether but little soluble in cold alcohol or petroleum ether, 
so that a cold alcoholic extract of the shell or hypoderm contains 
only a trace of it. On saponification of an alcoholic extract obtained 
by boiling, the yellow pigment remains in the caustic solution, and 
is not precipitated by the addition of salt or on acidification. The 
addition of acid causes a change in the colour of the solution from 
pure yellow to a brownish colour, but there is no precipitation. The 
pigment is apparently to a slight extent removed by ether from 
the caustic solution, but it is difficult to prove that it is not merely 
traces of unprecipitated red pigment which are taken up by the 
ether. If the yellow caustic solution be evaporated by means of heat, 
the pigment chars, but if it be allowed to evaporate spontaneously 
yellow crusts of caustic soda are left coloured with the pigment. The 
pigment may be then dissolved by hot alcohol or ether, in both of — 
which it forms a yellow solution. The dry pigment is yellow in colour, 
and gives no blue colour with concentrated sulphuric or nitric acid. 
With nitric acid it gives a peculiar and characteristic reaction, which 
is recognisable even when it is mixed with the red pigment. An 
extraction of the ova with ether, for example, gives on evaporation red 
pigment more or less intermixed with oily yellowish drops ; the addition 
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of nitric acid gives a brilliant blue colour, which fades in a few 
moments, then the oily drops float to the surface, the acid becomes 
bright yellow, and there is a sudden, often violent effervescence with 
evolution of nitrous fumes; as these clear away the oily drops are seen 
to be a brilliant green colour. If the amount of yellow pigment be 
small, the acid becomes orange without the development of the green 
colour. With the ordinary “pure” nitric acid of the laboratory, the 
reaction is slow—two to three minutes may elapse before the green 
colour developes, but nitrous acid produces it instantly. The change is 
evidently one of oxidation. 

On account of the above characters, I do not regard this yellow 
pigment as a lipochrome. The confusion seems to have arisen from 
the extreme difficulty of separating it from the red lipochrome and 
from the fact that the red lipochrome forms pure yellow solutions in 
ether and petroleum ether. 

The statement made above as to the insolubility of the yellow 
pigment in petroleum ether may seem inconsistent with the statements 
made by Maly and Krukenberg as to the difference between the 
spectra of the petroleum ether extract and the ether extract in the case 
of Maia, but the accounts of the spectra given by these two investiga- 
tors are so difficult, and in some respects so contradictory, that it 
seems not improbable that some of the results were due to changes in 
the red lipochrome under the influence of light. 


THE PIGMENTS OF THE DIGESTIVE GLAND. 


The pigments of the so-called liver or digestive gland were investi- 
gated only in Homarus ani Nephrops. 

(a) Nephrops. The digestive gland in Nephrops is of a yellow 
colour. To cold methylated spirit it yields little pigment, but when 
boiled with it the spirit becomes a clear yellow colour, turning turbid 
on cooling. As cold methylated spirit extracts a pigment of apparently 
identical characters from the liver of the salmon, I believe that the 
solubility depends upon the nature of the fat with which the pigment 
is associated rather than upon the pigment itself. The salmon liver 
contains abundant olein, which is readily dissolved by cold alcohol and 
carries the pigment with it; the Crustacean digestive gland apparently 
contains little olein, the fats present do not dissolve in cold alcohol, and 
the pigment comes down with the fats on cooling a boiling solution. 

The pigment is very readily soluble in ether, in which it forms a 


e 


PIGMENTS OF CRUSTACEA. 247 


clear yellow solution. If the hot alcoholic solution be saponified by 
caustic soda, or the ethereal solution by metallic sodium, there is 
obtained in each case a perfectly colourless soap, showing that the red 
lipochrome is absent from the liver. In the first case the pigment 
remains in the caustic solution and in the second in the ether. By the 
evaporation of the latter solution the pigment is obtained pure and is 
of a yellow colour. It gives no trace of the lipochrome reaction, but 
strong nitric acid gives the green reaction already described. The same 
reaction is given by the yellow oily drops obtained by the evaporation 
of the ether extract before saponification. 

(6) Homarus. In the lobster the digestive gland is a greenish- 
brown colour; if placed in methylated spirit it becomes yellow at the 
surface, and greenish in the deep parts. In ether it becomes green at 
the surface and brownish yellow deeper in. These appearances are due 
to the fact that alcohol dissolves out a green pigment which is in- 
soluble in ether, and ether a yellow pigment similarly insoluble in 
alcohol. The yellow pigment is identical with that of Nephrops or 
with the yellow pigment of the shell, hypodermis and ova. The green 
pigment is perhaps merely an oxidised form of the yellow one. The 
evaporation of the green alcoholic solution yields merely a brownish 
residue; which gives no colour reaction with nitric acid. On the sapo- 
nification of the green alcoholic solution the pigment remains in the 
caustic solution, which is however only very slightly coloured. 

Both the yellow and green pigment seem to be included under 
Krukenberg’s term “hepatochrome” and MacMunn’s'” term “en- 
terochlorophyll,” but their chemical characters do not appear to have 
been studied before. MacMunn describes the “bile” of the lobster 
as giving a spectrum with a band in the red, and he states that he 
found a similar band in the hypoderm extract, which he regards as 
a proof that the liver pigment is converted into the red lipochrome. 
The liver extracts examined by me showed no bands but merely a 
diffuse absorption of the violet end. 


RELATIONS OF THE PIGMENTS. 


The above observations seem to prove that while the red pigment 
found in the shell, hypoderm, and ova of the Decapod Crustacea has 
been correctly described as a lipochrome, the yellow pigment which 
can be obtained from the same situations, does not give the lipochrome 
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reaction, but gives a peculiar and characteristic coloration with nitric 
acid. It is further identical with the yellow pigment of the liver. 
This is a point of considerable interest, for according to Cuénot® 
the pigment of the liver in these Decapods is comparable to a true 
bile pigment, inasmuch as it is habitually eliminated with the faces 
to which it imparts their normal colour. A portion of this pigment 
must therefore be eliminated with the cuticle at the moult instead 
of by means of the gut. 

As to the relation between the red and yellow pigments it 
is not as yet possible to speak with much certainty. Although the 
yellow pigment can be obtained from the shell and hypoderm by 
extraction with ether, caustic soda or boiling methylated spirit, there 
is little evidence that the yellow pigment as such plays much or any 
part in the coloration of these tissues in the living condition. The 
hypodermis of the lobster contains only beautifully branched red 
chromatophores, so that if the yellow pigment exists as such it must 
be mixed with the red. Further, this hypodermis forms with water 
or dilute saline solutions a pure red solution with no trace of yellow 
colour, which filters without leaving any yellow pigment behind. If 
this albuminous solution be precipitated by the addition of ammonium 
sulphate, and the precipitate extracted with ether, the ether becomes 
pure yellow. The yellow extract contains the red pigment intermixed 
with the yellow. This is shown by the addition of nitric acid, which 
gives first the blue lipochrome colour, and later the green colour due 
to the yellow pigment. 

Thus, although the hypodermis in the fresh condition gives no 
evidence of the existence of a yellow pigment, yet this can be ex- 
tracted from it by means of cold ether. Of this there are three 
possible explanations, (1) the yellow may be present in too small 
amount to affect the colour of the living tissues, (2) it may be the 
result of the modification of a very sensitive chromogen, (3) it may 
be produced by the modification of part of the red pigment. On the 
whole the third hypothesis seems the most probable. It is confirmed 
by the fact that the blood contains the red pigment unmixed with 
the yellow, and also by the tendency to oscillate between red and 
yellow which is exhibited by many Crustacea. Many of the Crustacea, 
especially the smaller and more delicate forms, vary in colour according 
to the intensity of the illumination, tending to be red in darkness and 
yellow in light. The change is associated with changes in the shape 
and colour of the contractile chromatophores. The colour-change is 
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exceedingly difficult to understand unless there is an intimate relation 
between the red and yellow pigments. | 

If the conclusion that there is such an intimate relation be correct 
then we have the interesting result that apparently a red lipochrome 
may be built up from an effete “bile” pigment. . It would be pre- 
mature to inquire to what extent this is a common origin for these 
puzzling lipochrome pigments. 

As to the names of the red and yellow pigments, it seems on 
the whole desirable to retain Moseley’s term crustaceorubin for the 
red one, as the terms tetronerythrin (Wurm™) and zoonerythrin (Bo- 
gandow ™ also employed for it have been used by different authors 
in very different senses. For the yellow pigment, until further in- 
vestigation has cast more light upon its affinities, Krukenberg’s 
term hepatochrome may be profitably retained, in allusion to its 
occurrence in the liver or digestive gland. 


CHARACTERS OF THE BLUE AND GREEN PIGMENTS. 


Next as to the blue and green pigments of the Crustacea. As 
already mentioned Krukenberg has stated his belief that these 
pigments are merely compounds of lipochromes, lipochromogens he 
calls them, but he was unable to obtain them in solution. In the 
literature of the Crustacea generally, however, these pigments are 
usually sharply contrasted with the lipochromes as pigments of the 
cyanic series, or the soluble pigments, as contrasted with the “ fixed” 
lipochrome pigments which occur in branched contractile pigment cells. 
The present investigation entirely supports Krukenberg’s view. 


1. Pigments of the shell. 


The shell of the lobster as is well known is usually a deep blue- 
black colour, the soft and imperfectly calcified regions, like the antenn» 
and swimmerets, tending to become orange-red. A curious exception to 
this rule is found in the fact that the soft cuticle forming the joints 
of the great claws is often a pure blue colour, The blue-black shell 
further turns orange-red when boiled, or exposed for a long time to the 
action of cold methylated spirit, turns pinkish-red when exposed to 
the action of acid, and fades to a reddish colour if exposed to the 
action of light, as in dry museum specimens. 

(a) Method of obtaining a solution, Cold water extracts no pig- 
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ment from the calcified shell. If, however, the fresh shell be scraped 
so as to remove the red hypoderm and placed in dilute hydrochloric 
acid (about 0°1°/,) and allowed to stand, a blue solution can be obtained. 
The first addition of the acid is followed of course by an energetic 
evolution of carbonic acid, while the solution becomes pale pink. The 
pink colour is due to the presence of small amounts of lipochrome 
pigment, which dissolves in the acid solution on account of the 
presence of traces of albumin dissolved from the shell. After standing 
for some time, however, the hydrochloric acid becomes completely 
converted into calcium chloride, and the solution becomes neutral 
or alkaline, and acquires a blue colour. If the operation be performed 
in a beaker, there is frequently a separation into two layers, a super- 
ficial pink acid one, and a basal alkaline blue one. As the blue colouring 
matter dissolves out, the shell becomes greenish or brownish-orange, 
but still acquires a reddish colour on heating. 

A similar blue solution is obtained by treating the shell with a 
dilute solution of ammonium chloride, or a very dilute solution of 
ammonia, but in both these cases the results are somewhat uncertain, 
and the solution is exceedingly liable to undergo decomposition. 

(6) Properties of the blue solution. The blue solution thus ob- 
tained is exceedingly unstable, and is turned pink by a large number 
of reagents. It always contains proteid, as shown by the xanthoproteic 
reaction, but often only a trace. 

1. Heat. When heated on the eee ae the colour turns violet 
and then pink at a temperature of from 45°—50°C., and the colour does 
not return on cooling. On further heating there is sometimes a pre- 
cipitation of proteid coloured pink by the lipochrome pigment, but 
in other cases alkali-albumin is formed and the lipochrome remains 
in solution with it even on boiling. 

2. Acids and alkalis. The blue solution is exceedingly sensitive 
to the action of acids, turning pink on the addition of a few drops 
of dilute hydrochloric acid. Not only the mineral acids but the weaker 
organic ones like citric and acetic effect the same change. Carbolic acid 
and crystals of thymol also destroy the blue colour, which renders it 
exceedingly difficult to preserve the solutions. The addition of alkalis 
to solutions reddened by acid does not restore the blue colour. 

The direct addition of alkalis to the blue solution produces different 
results according to the alkali employed, and the nature of the solution. 

_ Ammonia added in small quantities to a solution containing calcium 
chloride, gives a blue precipitate which tends to turn pink on exposure 
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to the air; added to a solution containing ammonium chloride it pro- 
duces no effect. 

Caustic soda gives a copious precipitate of lime mixed with pink 
lipochrome, the blue colour being entirely lost. 

8. Salts. The addition of excess of ammonium sulphate to a 
solution obtained by means of ammonium chloride completely pre- 
cipitates the pigment as a bright blue precipitate, but the solution 
obtained by means of dilute hydrochloric acid is exceedingly difficult 
to precipitate with ammonium sulphate. No precipitate was obtained 
with excess of sodium chloride or magnesium sulphate. 

4. Reducing agents. The action of a stream of sulphuretted hy- 
drogen or of coal gas on the blue solution was usually to discharge 
the blue colour, but the action was slow and doubtful. A stream of 
carbonic acid had no effect. 

5. Oaidising agents. A solution of hydrogen peroxide had no 
effect on the blue solution. 

6. Absence of copper. The blue precipitate obtained from the 
solution gave no reaction for copper when heated on platinum wire 
in the bunsen flame, nor did the blue solution give any trace of a 
black precipitate with sulphuretted hydrogen. The same tests were 
tried with the shell after ignition with a negative result. 

7. Action of alcohol and ether. The blue precipitate when treated 
with cold alcohol or ether turns pink instantly, the pink dissolving 
in the alcohol or ether. When alcohol is added to the blue solution 
the latter turns pink, the pink pigment being partially precipitated 
with the proteid. 

The pink pigment obtained in all these ways from the blue so- 
lution is readily soluble in alcohol or ether, and gives all the chatacters 
of the red lipochrome—crustaceorubin—discussed in the first part 
thi 


2. Pigments of the hypodermis. 

As already mentioned the hypodermis of Astacus usually contains 
a considerable amount of blue pigment; this is readily dissolved by 
water or better by dilute saline solutions, and gives the same reactions 
as those given by the blue solution obtained from the shell of the 
lobster. There are marked individual variations in the amount of 
blue pigment contained in the skin of Astacus, some specimens con- 
taining little or none. The shell of Astacus is so thin that the colour 
of the hypodermis has a considerable effect on the coloration. 
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3. Pigments of the eggs. 

The eggs of the lobster when contained in the ovary are bright 
green, and when found attached to the swimmerets are very dark 
green. In both cases they yield if treated with water a bright green 
turbid solution, which clears on the addition of ammonium chloride. 
The eggs themselves are turned orange-red with great rapidity if 
treated with alcohol, ether, dilute acid, hot water, etc. If preserved 
in a dilute solution of formalin they turn red also but much more 
slowly ; thymol or carbolic acid added to a watery extract of the ova 
also turns it red. The impossibility of finding a preservative -agent 
which does not effect this change is a great difficulty in the way of 
a study of the colouring matter, as except in very cold weather the 
ova decompose very rapidly. The green solution is more unstable 
than the blue one obtained from the shell, but resembles it in all 
its reactions. Caustic soda or potash turns it red at once but ammonia 
does not, and gives no precipitate. A solution containing ammonia 
usually however turns red on standing. The clear solution obtained 
by crushing the ova with a dilute solution of ammonium chloride 
sometimes deposits yellow-orange oily drops and then turns pale blue. 
The blue solution gives all the characters of that obtained from the 
shell. The oily drops seem to consist of fat mixed with both red and 
yellow pigments. 

The above observations seem to show that the green colour of the 
ova is due to a mixture of the blue pigment of the shell with the 
yellow hepatochrome and apparently traces of crustaceorubin. 


NATURE OF THE BLUE PIGMENT. 


As to the nature of the blue pigment, the observations detailed 
above seem definitely to exclude the hypotheses that the change 
from blue to red is due to oxidation or reduction, and that the blue 
pigment is a copper-containing compound. The constant association 
of proteid with the blue pigment, might suggest that this is an 
albuminous pigment derived from the hemocyanin of the blood. 
This is however negatived by the fact that the amount of proteid is 
exceedingly variable and often very small. The presence of proteid 
in the solutions is, I think, explained as follows. The blue pigment 
readily undergoes changes which convert it into a red lipochrome, and 
we have already seen that this red lipochrome is remarkable for the 
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readiness with which it forms compounds with alkalis and alkaline 
earths, these compounds being insoluble in pure water but readily 
soluble in solutions containing proteid. I am of opinion that the 
blue pigment is a compound of the red lipochrome, which is insoluble 
in pure water but is removed from the coloured tissues by any reagent 
which also removes traces of proteid. 

As to the nature of the substance with which the red lipochrome 
is united it must obviously be exceedingly unstable. If a piece of blue 
shell is boiled with water, the water becomes strongly alkaline, as does 
also water in which the green eggs are boiled. If the filtered alkaline 
solution be warmed with a few drops of caustic soda, a volatile alkali 
is given off, which gives Nessler’s test for ammonia; the alkali is 
not given off on boiling without caustic soda. As in the case of the 
shell or the blue solution, the solution becomes alkaline as the blue 
colour disappears, there is a strong presumption that the alkaline 
substance is produced by the decomposition of the blue pigment. The 
‘strongly alkaline water in which portions of the shell have been boiled 
contains a large amount of proteid. If.the solution be exactly neu- 
tralized a considerable amount of proteid is precipitated, and the 
addition of alcohol produces a further precipitate. If this precipitate 
be filtered off, and the solution evaporated, a crystalline residue is 
left behind, but this is always mingled with a brownish substance 
of unknown composition, which, like the crystals, is soluble both in 
alcohol and water. 

Now ammonia itself, like other alkalis, unites with crustaceorubin 
to form a compound which is soluble in a solution containing proteid, 
but this compound is not blue but somewhat orange-coloured, so that 
the blue pigment cannot be due merely to a compound of this kind. 
From the somewhat “fishy” smell given off during the boiling of 
the shell in caustic soda, it seems not improbable that the volatile 
alkali is not ammonia, but a substituted ammonia, eg. trimethyamine. 
It was therefore thought that the blue pigment might be a compound 
of a lipochrome with trimethylamine. If this were so, however, one 
would expect that the introduction of the alkali, obtained by warming 
the shell with caustic soda, into a solution of the red lipochrome 
would give the blue pigment. This was tried with the beautiful red 
solution obtained by treating the hypodermis of the lobster with water, 
but gave a negative result. This fact may merely prove that all 
the conditions necessary for the synthesis were not fulfilled, but the 
other fact that the alkaline solution does not give off a volatile 
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alkali except after the addition of caustic soda, leads me rather 
to believe that the blue pigment is the result of a combination 
between a complex organic base and a lipochrome, the base being 
decomposed or modified by boiling, and giving off a volatile alkali 
on heating with caustic soda. Now the interest of this result lies 
first in the fact that there is in the muscle of the lobster a complex 
unstable substance, which is according to Krukenberg of the nature of 
a lecithin, and which readily decomposes on boiling ; and secondly that 
according to Krawkow™® chitin itself is formed from the union of a 
carbohydrate with a nitrogenous substance, perhaps a member of the 
ammonia group. Krawkow indeed describes an evolution of ammonia 
from the tissues of the crab after the moult. If it be correct that the 
blue pigment is formed from the union of an organic base and a 
lipochrome, this would seem to suggest that there is some connection 
between the little known substance in the muscle and the formation 
alike of the blue pigment and of chitin. I hope to make some further 
observations on this subject, but the above at least shows that 
Krukenberg was correct in regarding the “cyanic” pigments of 
Crustacea as compounds of a lipochrome, and it seems also to prove 
that the compound is of the nature of a union between an extractive 
of the muscle and the pink lipochrome. 

These observations do not shed very much light on the reason why 
the blue pigment should be almost invariably absent from deep-sea 
forms, but it should be remembered that the chitinous coat in these 
cases is exceedingly delicate and slightly developed. If it be true that 
the base in the blue pigment has some connection with the formation 
of chitin, then the absence of the pigment and the diminished power of 
_ forming chitin may be associated. Further, although I am not at 
present able to make any statement as to the nature of the readily de- 
composable substance in the muscle of the lobster, yet if Krukenberg 
be correct in regarding it as of the nature of lecithin or protagon, then 
the continued presence of green and blue pigments in the eggs of the 
deep-sea Crustacea is not very remarkable. There can be little doubt 
that this substance, whatever its nature, is associated with the forma- 
tion of the blue pigment, and bodies like lecithin tend to occur in 
connection with yolk.” sie | 
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RELATIONS OF CRUSTACEAN PIGMENTS. 


In Faxon’s account of the Crustacea collected by the U.S. Steamer 
_ “ Albatross” there is a very interesting description of a deep-sea prawn 
(Benthesicymus tanneri). This prawn was usually found to be of a 
blood-red colour with blue spots on the anterior abdominal segments, 
but one specimen was taken in which these segments were unsymme- 
trically marked in blue and yellow in an extraordinary fashion. Faxon 
recalls the old (1872) observations by Pouchet on Leander serrator, a 
prawn in which the colour changes from red through blue to yellow 
according to the intensity of the illumination, and suggests that in 
Benthesicymus the apparent abnormality may be due to change of colour 
produced during the passage from the darkness of the ocean depths to 
the light of the surface. Faxon considers that this case shows that the 
“ cyanic” pigments persist even in the deep-sea forms, and appears to lay 
especial stress on the expansion of the chromatophores in the absence 
of light as the important factor in the production of the deep-red of the 
abysmal Crustacea. So far as I understand him, he considers that the 
blue pigments still exist in these forms, but are concealed by the 
expanded chromatophores. Now in forms with a transparent cuticle, 
the chromatophores doubtless play an important part in varying color- 
ation, but it is difficult to believe that their movements alone account 
for the changes from red to blue so obvious in many Crustacea. 
Bateson ™ speaks of finding Copepoda living under similar conditions 
of which some had red egg-sacs and some blue, and the fresh-water cray- 
fish sometimes appears in a full blue variety (9 and 17). Even in the 
hypodermis of an individual cray-fish there are always areas which are 
pure blue, areas which are purplish, and others which are pure red, the 
colour seeming to depend on the amount of blue pigment present 
rather than upon the condition of the chromatophores. These facts 
seem to point to the conclusion that the blue pigment is formed or 
destroyed under certain conditions of the tissues from the pink lipo- 
chrome of the chromatophores; what these conditions are however is 
still uncertain. The observations by Pouchet and Faxon as to the 
relations between blue and yellow colours, taken in conjunction with 
those already described in this paper as to the relations of the red and 
yellow pigments seem to me to prove that that conversion of the red 
into a yellow pigment which seems to take place so readily after death, 
also tends to occur in the living tissues, especially under the influence 
of light. 


4 
a 
‘ 
‘ 
4 
4 
4 
* 


256 M. I. NEWBIGIN. 


SUMMARY. 


The above observations show that the Crustacea investigated con- 
tain in their shells, hypodermis and ova, a red lipochrome pigment. 
In the case of the two former structures this is either accompanied 
by a small amount of a yellow pigment, or more probably the red is 
an exceedingly unstable pigment, and tends under the influence of 
certain reagents, and especially in the presence of heat, to become 
converted into the yellow. The yellow pigment appears to be identical 
with one which normally occurs in the digestive gland, and is in 
part eliminated with the fmces. 

Further, the red lipochrome very readily forms combinations with 
alkalis and alkaline earths, the compounds being orange in colour 
and almost insoluble in cold alcohol. As the undecalcified shell of 
Nephrops is orange and yields little pigment to cold alcohol, while 
the decalcified shell is pink and yields its pigment very readily to 
cold alcohol, it seems not improbable that some such lime combination 
of the pigment exists in it. If this be so, it probably explains in part 
the fact that the deep-sea Crustacea tend to be blood-red in colour, 
as do also some of the small and more delicate surface forms. In 
both these cases the cuticle contains exceedingly little lime, and the 
pigment apparently exists in the uncombined form when it is bright 
red. As is well known both these kinds of Crustacea become de- 
colorised in spirit very rapidly, even when not exposed to light. 

Finally, this red lipochrome unites also with an organic base 
apparently derived from the muscle, and thus gives rise to the blue 
pigment of Astacus and Homarus. 

I conclude therefore that the colour variations of Crustacea can all be 
referred to chemical variations in the yellow hepatochrome of the liver 
which forms the central pigment of the group. This may become 
modified into a red lipochrome, which may directly colour the shell, or 
may in association with lime give rise to an orange colour. The red 
lipochrome may further unite with an organic base to form a blue 
pigment, while a mixture of this blue pigment with unaltered yellow 
gives rise to a green colour. 
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1. INTRODUCTION. 


THE work, an account of which is given in the following pages, consists 
of a study, as exact as possible, of the life activities of a single uni- 
cellular organism. So far as I know, we do not possess an even 
approximately complete account of such activities as may be referred 
to reactions to stimuli for any single cell or any single organism. We 
possess indeed many excellent researches on various forms of re- 
action in various organisms. But we are not yet able to form a 
mental picture of the continual interplay of such activities in the 
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ordinary life of any cell; the interaction of the various stimuli; the 
modifications in reaction due to the simultaneous presence of two or 
more stimuli; or the changes in reaction due to varying life conditions 
or physiological states of the organism. Certainly a beginning has 
been made in unravelling this complicated network of activities, but 
the studies which have been made are scattered over a wide field ;— 
they are extensive rather than intensive. 

Perhaps it may be said that we possess of no unicellular organism 
so full an account of the life activities as of the common infusorian 
Paramecium aurelia. The ease with which it may be obtained in 
great abundance and preserved in healthy condition for indefinite 
periods has made it a favourite subject for investigation of the life 
phenomena of free cells. The general anatomy and functions of the 
parts of this organism are treated fully in the text-books and manuals. 
The nuclear phenomena in conjugation and division have been made 
the subject of elaborate studies by distinguished investigators. Turning 
to more purely physiological matters, the digestive processes of Para- 
meecium have been studied by Greenwood and Saunders and 
others; the effects of a lack of oxygen, and of an atmosphere of carbon 
dioxide by Loeb and Hardesty; the effect of various chemical 
reagents by Schiirmayer, Bokorny and others. The reaction to the 
electric current has been described by Verworn and by Ludloff: 
geotaxis by Jensen; thermotaxis by Mendelssohn. Chemotactic 
and tonotactic movements have been the subject of scattering notices 
by various authors’. The prospect for gaining a fairly full general view 
of the life activities of this organism is perhaps as favourable as for any 
that can be named: it was therefore selected for further study. 

Of the above-mentioned reactions, not all have been studied in any 
sense fully. Electrotaxis, geotaxis and thermotaxis may be considered 
as having been placed on a solid basis by the systematic investigations 
of Verworn and Ludloff; Jensen, and Mendelssohn. The other 
reactions mentioned—chemotaxis and tonotaxis—are known only from 
scattered and partly incorrect notices in the works of various authors. 
It is the purpose of the present paper to present a systematic account 
of these and certain other reactions. 

In discussing motions which occur as responses to stimuli, two sets 
of terms are used by different authors, one set having the termination 
-tawis or -tactic, the other ending in -tropism or -tropic. I shall use 
throughout for the reaction movements of the free infusorian Para- 


1 For references see end of Paper. 
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meoecium the terminations -tactic and -tawis, speaking thus of chemotaxis, 
electrotaxis and the like, instead of chemotropism, electrotropism, etc., 
often used in the same sense. Positive taxis signifies a tendency to 
move toward a source of stimulus; negative taxis a tendency to move 


- away from such a source. 


The reactions to be described are somewhat complicated by the 
interplay of different stimuli, so that it is difficult to give an account 
of the phenomena due to any one stimulus without at the same time 
treating of activities due to different causes. The difficulty in pre- 
sentation thus caused will perhaps be best avoided by the following 
procedure. I will first give an account of the phenomena observed 
under certain simple conditions. The complex of phenomena presented 
in this “introductory experiment” will then be analysed into its simple 
components,—that is, into activities due to simple stimuli, and each 
of these simple reactions will then be treated at length, with details 
of experiments and other proof of the correctness of the analysis. The 
Parameecia used in the experiments were procured in the customary 
manner. A handful of hay or grass is placed in a jar and covered with 
hydrant water. In a few weeks the solution of decaying vegetable 
matter swarms with Paramecia. In such a jar they may be kept for 
indefinite periods in almost unlimited numbers. 


Introductory Eaperiment. 


The phenomena which we wish to study will be best brought before 
us by the following simple procedure. A large number of Paramecia 
are removed from the culture jar by means of a pipette, and placed, 
together with a small bit of decaying vegetable material or a mass 
of bacterial zooglea from the same jar, on a glass slide. The drop of 
water containing Paramecia is then covered with a cover-glass resting 
upon glass rollers or other convenient supports. The preparation thus 
made is shown in Fig, 1. 

At first the Paramescia are distributed uniformly throughout the 
preparation, as shown in Fig. 1. In a few minutes however we observe 
a noticeable gathering of the infusoria about the bit of decaying 
material. This increases in number and density: the Parameoscia press 
close against the decaying material, and soon all the infusoria in the 
preparation (with individual exceptions) are gathered in a dense mass 
about it. The preparation now presents the appearance shown in 
Fig. 2. As many as possible of the animals press their anterior ends 
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against the decaying substance: the rest crowd in behind, trying to 
get as close as possible. 

After some minutes we notice that the dense mass of Paramecia 
about the decaying material is becoming looser. The Parameecia begin 
to separate; they no longer remain closely pressed against the bit of 
material, but swim hither and thither. However, they do not swim 
away freely, but remain confined to a small round area in the immediate 
region of the decaying mass. Very slowly the area becomes larger, 
but remains clearly defined, with a distinct boundary which the 
Parameecia do not pass. Most of the infusoria are gathered at the 
boundary of the area; some few swim back and forth within it, while 


“FAME 
Fig. 2 Fig. 3 
Fig. 1. Paramocia which have just been covered with a cover-glass. a Bit of 


decaying vegetable matter. 
Fig. 2. Same preparation shown in Fig. 1, ten minutes later. : 
Fig. 8. The same preparation shown in Figs. 1 and 2, a half hour after the 
condition shown in Fig. 2. 
scarcely a single specimen will be found outside the area. A swimming 
individual starting to pass the outer limit stops suddenly, as if pre- 
vented by an invisible barrier, and remains or turns back. The limits 
grow on all sides slowly and steadily, the area thus retaining its regular 
form. A stage in this process is represented in Fig. 3. The area 
continues to increase in size, and after some time it reaches the edges 
of the cover-glass. The Parameecia then form a narrow band about the 
periphery of the preparation. 
If the above preparation has been made in such a way that a 
constant electric current can be passed, by the use of unpolarisable 
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electrodes, through the water containing the Paramoscia, certain very 
peculiar phenomena may be observed in the reactions of the infusoria 
to the current. If the electric circuit is closed at the beginning of the 
experiment, when the Paramecia are distributed throughout the prepa- 
ration (Fig. 1), we obtain the typical reaction described by Verworn 
(1889 (a)). The Paramescia all swim with one accord to the cathode 
side of the preparation. If the current is reversed the Paramecia 
swim to the opposite side. Opening the circuit, the Paramecia dis- 
tribute themselves again uniformly throughout the preparation. 

If the electric circuit is again closed after the Paramecia have 
gathered close about the bit of decaying vegetable material (Fig. 2), 
no visible effect is produced. The Paramocia remain gathered about 
the decaying mass and show no response to the current. My attention — 
was called to this striking phenomenon by Professor Verworn, and 
it formed the starting point for my investigations. — 

The circuit may now be opened and the normal development of 
the preparation observed farther. If the circuit is again closed at the 
stage shown iv Fig. 3, we obtain a still different result. The Paramecia 
start in the direction of the cathode, but at that boundary of the circular 
area which lies next to the cathode they stop. If the current is con- 
tinued all the Parameecia gather in a mass at the cathode side of the 
area, seeming to make vain efforts to cross the invisible boundary. 
The area has now entirely disappeared, since the Paramecia are all 
collected at one spot on its cathode side. If now we reverse the 
current, the Paramescia start in the opposite direction, but are again 
stopped by the invisible barrier, which lies at exactly the spot which 
previously formed the limit of the area on this side. Opening the 
circuit, the Paramvcia again distribute themselves in the area, chiefly 
about its margin, presenting anew exactly the appearance shown in Fig. 3. 

What now is the meaning of this peculiar drama? Why do the 
Paramecia gather about the bit of decaying vegetable material, placing 
themselves in contact with its surface? Why do they not respond to 
the electric current under these conditions? Why do they soon begin 
to leave the mass, which they first crowded upon with so much ardour ? 
Why do they then remain in a clearly defined growing area, gathered 
at its boundaries, but not overpassing its invisible limits even when 
urged by the electric current ? 

We will consider first the question, Why do the Parameecia gather 
about the bit of decaying vegetable material? The conjecture which 
lies nearest is, that we have here a case of 
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2. CHEMOTAXIS. 


Before entering upon a series of experiments to determine the 
truth of the above conjecture, let us review briefly what is known of 
chemotactic phenomena in Paramecium. Verworn (1889, p. 108) and 
Loeb und Hardesty state that Paramecium is positively chemotactic 
toward oxygen. Pfeffer, Verworn, and Massart (1889, p. 558) state 
that they do not find the Infusoria Ciliata to be positively chemotactic 
toward other chemical agents. Loeb und Hardesty state that Para- 
meecia are negatively chemotactic toward carbon dioxide, and Loeb 
und Budget that they are negative toward acids and alkalies. 
Massart (1889, p. 558) on the other hand says that in accordance with 
his own researches and those of Pfeffer, the Ciliata are “absolument 
insensible” to chemical substances. He explains their tendency to 
move away from solutions of chemical substances as due to tonotaxis,— 
that is, it is the result of differences in osmotic pressure, and has 
nothing to do with the chemical quality of the solutions. We might 
infer from the above summary that the only facts regarding chemotaxis 
that can be stated with any degree of certainty are (1) that Parame- 
cium is positively chemotactic toward oxygen; (2) that it is probably 
negatively chemotactic toward 

It now remains to test the matter by experiment. For this 
purpose results were obtained by two methods. The first is Pfeffer’s 
method of the introduction of capillary tubes containing the sub- 
stance in question beneath the cover-glass of a preparation, or into 
a vessel, containing Paramecia. If the animals are positively chemo- 
tactic to the substance in the tube, they gather into its open end. 
Many experiments were tried in this way, but a second method was 
found to give results incomparably quicker, more definite, and more 
reliable. The Paramcecia are placed on a glass slide and covered by a 
supported cover-glass as described in the “Introductory Experiment.” 
A pipette is drawn out at the end into a capillary tube of sufficient 
fineness to pass between the slide and cover into the water containing 
the Paramecia. The latter swim at first hither and thither in every 
direction, so that no portion of the preparation is left free. Now a 
drop of the fluid to be tested is taken up with the capillary pipette 
and introduced beneath the cover-glass into the preparation (Fig. 4). 
The drop fills the space. between slide and cover, and spreads out into 
a round disk, so that it is in contact only by the very thin edge of the 
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disk with the surrounding water ; it therefore diffuses only very slowly, 
as may be seen by introducing a drop of some coloured fluid. The 


Method of testing the behaviour of Paramecium toward chemical substances. 


Parameecia in their random hither and thither swimming of course 
begin at once to come in contact with the edge of the drop, whereupon 
their conduct toward the substance of which the drop is composed may 
be observed. When I speak later of a drop of fluid being introduced 
beneath the cover-glass it will be understood that it was done in the 
way just described. 

The first question to be tested is, Are the Paramecia positively 
chemotactic toward the decaying vegetable material of the culture jar ? 
Since Parameecia taken from the culture jar are already bathed on all 
sides by fluid from this decaying vegetable material, they cannot be 
used at once for a decisive test of the question; before a test can be 
made they must be brought into water containing none of this fluid. 
To accomplish this, I have used a method similar to one described by 
Ludloff (p. 529) as a convenient way of bringing many Parameecia 
into a small amount of water. A glass tube 14cm. in diameter and 
80 cm. in length, closed at one end, was filled about half full of fluid 
from the culture jar, containing large numbers of Paramecia. The 
remaining half of the tube was filled with hydrant water, and the tube 
allowed to stand in an upright position. The Parameecia, being nega- 
tively geotactic, rise to the upper end of the tube into the hydrant 
water. They are then poured into another vessel, the tube emptied 
and thoroughly cleaned, and the Paramescia restored to the lower half 
of the tube. Hydrant water is again added in the upper half and the 
Parameecia rise into it as before. This may be repeated as often as 
thought necessary, till the Parameecia are washed entirely free from the 
fluid of the culture jar. 
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A quantity of this pure hydrant water containing Paramecia is 
then placed on the slide and covered in the ordinary way. The Para- 
meecia scatter uniformly throughout the preparation. Some fluid is 
now drained from the decaying vegetable anor of the culture jar 
and filtered. A drop of this filtered fluid 
is then introduced beneath the centre of 
the cover-glass. The Parameecia begin at 
once to gather in the drop. In a few 
minutes there is a marked collection of 
individuals in this region, and after a 
short time all the Paramecia in the pre- 
paration, with individual exceptions, are gathered in the small circular 
area which marks the spot where the drop was introduced (Fig. 5), 
the rest of the slide being quite empty. 

Similar results were gained by introducing capillary tubes con- 
taining filtered fluid drained from the decaying vegetable material of 
the jar into vessels of hydrant water containing many Paramecia. A 
typical experiment of this sort is as follows. Paramecia in hydrant 
water are placed in a shallow watch-glass. Into this glass are then 
introduced pieces of capillary tubing, some containing filtered fluid 
from the culture jar, the others hydrant water. These are arranged 
in pairs, each pair consisting of two tubes of the same length and 
diameter, lying side by side, one containing the fluid from the jar, the 
other hydrant water. In about three-quarters of an hour the ends of the 
tubes containing fluid from the culture jar are crowded with Para- 
meecia, while the others are empty. 

Parameecium aurelia in hydrant water thus tends to gather into 
areas or tubes containing water from a culture jar of decaying vegetable 
material. Apparently the infusoria are positively chemotactic toward 
such material. In order to avoid misconception, I may state at once 
that this conclusion is shown by the remainder of the investigation to 
be false, and the results gained by the above experiments are to be 
explained in an — different manner, as will be set forth in due 
time. 

Experiments were now tried with many other substances, using 
both the above methods. The latter method—introduction of capillary 
tubes into a vessel containing many Paramecia—is not at all reliable, 
so that I gradually ceased to use this, and my results depend almost 
entirely upon experiments with the other method. Certain reasons 
why the capillary tube method is unreliable will be given later. 
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With Parameocia in hydrant water a filtered extract of meat was 
tested. This was prepared by boiling a bit of lean beef in water and 
filtering off the fluid. The Paramecia gather into a drop of this 
exactly as into a drop of the fluid from the culture jar. Meat extract 
prepared by soaking lean meat in cold water acts in the same way, as 
does also Liebig’s meat extract. 

The infusoria were also positive toward rancid oils, such as rancid 
olive-oil and rancid cod-liver oil. Parameecia gather quickly into a 
drop of water which has been well shaken up with such oils and 
introduced beneath the cover-glass of the Paramcecium preparation. 

With many other substances no such gathering occurred. Cane 
sugar, salt, a pepsin solution, putrid meat juice, putrefying gelatine, 
saliva, egg albumen, all gave negative results: the Paramccia were 
either indifferent or repelled by these substances. 

The same results were gained with all the above substances if the 
Parameecia tested were left in the water from the culture jar instead of 
being brought into hydrant water. 

The positive results gained with rancid oils suggested that the 
active attractive principle was some member of the fatty acid series. 
I determined therefore to test various members of this series. During 
the short delay necessary for getting samples of the acids desired, I 
directed my attention to certain other phenomena, the study of which 
placed the whole problem in a new light. As previously stated, 
Massart (1889, p. 558) maintains that the apparently negative chemo- 
taxis of the ciliate infusoria is not really chemotaxis at all, but is due 
merely to differences in osmotic pressure between the fluid the animals 
are already in and that of the fluid introduced; the motions due to 
this stimulus he calls tonotaxis, Desiring to test this matter for 
Paramecium, in the case of substances apparently negatively chemo- 
tactic, I undertook first to determine the weakest concentration to 
which the Paramescia are negative, in the case of some strong chemical. 
For this purpose copper sulphate was selected: the saturated solution 
was diluted until experiment proved that it was not quickly fatal to 
Parameecia introduced directly into it, and tests were made with this. 
The strength thus used was ¥, °/, of the saturated solution; a drop of 
this was introduced beneath the cover-glass of a Paramecium prepara- 
tion (ep. Fig. 4). 

The Parameecia were, contrary to all expectation, distinctly posi- 
tively tactic to the copper sulphate. They formed a dense collection 
about the margin of the drop, but did not enter into its centre, being 
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apparently negatively tactic to the stronger solution within. The 
infusoria seemed not to be injured at all by the fluid forming the © 
margin of the drop, but were much excited, swimming hither and 
thither with great rapidity, but not leaving the drop of copper sulphate. 

In view of this surprising result with copper sulphate a number of 
other strong chemicals were tested, some with positive, others with 
negative results, Without going at this point into details, I will give 
here a table showing in general the results gained with the chemicals 
tested. Positive taxis is indicated by the sign (+), negative taxis by 
the sign (—). The Paramecia were tested in the fluid from the 
culture jar. Solutions of the chemicals made up both with distilled 
water and with water from the culture jar were tried: the same results 
were gained by both methods. 


Copper sulphate + Sodium chloride 
Sulphuric acid — + - Sodium carbonate -- - 
Hydrochloric acid + ~ Sodium bicarbonate . -— ~ 
Acetic acid + Potassium hydroxide 
Nitric acid + - Sodium hydroxide - - 
Tannic acid + Potassium bromate 

chloride + 


From the table it appears (1) that all acids tested were positive 
(that is, attractive) in a weak solution; negative in a strong solution : 
(2) that all alkalies tested were negative in whatever strength used: 
(3) that some salts act positively, others negatively. Those salts which . 
are attractive in a weak solution give an acid reaction (CuSO, and 
HgCl,) ; salts giving an alkaline reaction are negative, as are also certain 
neutral salts. 

I now undertook to determine the weakest solution of certain of 
these chemicals, to which the Paramecia show sensibility. The first 
substance thus tested was sulphuric acid. ‘The concentrated solution 
was mixed with distilled water and the solutions thus gained were used 
in testing the Paramecia, the latter being in water from the culture 
jar. 
The Paramecia seemed to show a perfectly astounding sensitive- 
ness. to the dilute H,SO,. Solutions of °/o, 
tetos’/,, Were successively used; in every case the Paramecia showed 
strong positive taxis, gathering quickly into the introduced drop. 
Finally, as a control, a drop of pure distilled water was introduced in 


~ 

« 

> 

y 

& 

4 

& 


268 H. 8. JENNINGS. 
the ordinary way. The Paramecia showed strong positive 


' taxis to the distilled water. They gathered into the drop, 


forming a dense collection, exactly as shown in Fig. 5. 

This result set the entire problem in a new light, and compelled a 
re-interpretation of all previous observations. To say that the Para- 
moecia are positively chemotactic toward distilled water is meaningless ; 
we must reverse the statement and say that Paramecia are nega- 
tively chemotactic toward the fluid of the culture jar in 
which they live. 

We have seen above that the infusoria are negative to all alkalies 
and positive to acids. The fluid of the culture jar in which the 
Paramecia live shows with litmus paper a distinctly alkaline 
reaction. Thus however remarkable it may seem that Paramecium 
should be negatively chemotactic to the fluid in which it lives and 
thrives, the reaction stands in entire agreement with the behaviour 
of the animal toward other reagents. 

The conclusion is further reinforced by the exact method in which 
the Parameecia react to the various substances tested. Certain features 
are common to all the experiments. Suppose a slide and cover pre- 
paration has been made, in which the Paramecia are distributed 
uniformly, and a drop of some substance is introduced as in Fig. 4. 
The behaviour of the Paramecia at even a slight distance only from 
the drop is not thereby influenced in the least: the drop has no effect 
at an appreciable distance from its evident margin. But all the 
Parameecia continue to swim hither and thither at random, and in a 
remarkably short time almost every individual under the cover-glass 
will have come in .contact with some part of the drop.“ There is 
however no swimming in straight radial lines to the drop as a centre. 
It is only as the Paramccia come by chance in contact with the drop 
that their conduct toward the substance of which it is composed can 
be observed. | 

With this preliminary general statement, we may now study the 
conduct of the Parameecia on coming in contact with (1) a drop of 
distilled water, (2) a drop of weak acid, (3) a drop of alkali. The Para- 
mcecia in every case are in the natural water from the culture jar, 
having an alkaline reaction. 

Suppose therefore that a drop of distilled water is introduced. A 
Paramecium in its random swimming comes against the margin of the 
drop. Just what happens here varies with individuals; some make a 
sudden pause, often jerking back a fraction of their own length, then 
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passing into the drop; others show not the slightest hesitation of any 
sort at the boundary. In any case the animal continues its course with 
undiminished rapidity until it comes to the opposite boundary of the 
drop, where it would naturally pass out into the culture fluid again. 
Here it leaps back perceptibly,—the effective stroke of the cilia being 
reversed in direction,—turns, and swims in another direction. Again 
meeting the boundary it draws back, turns again, and swims till it 
again strikes the boundary. It thus continues to swim about in the 
drop as if caught in a trap, the changes of motion indicating always 
negative chemotaxis to the surrounding fluid. Fig. 6 represents 
the course of a single Paramecium entering a drop of distilled water 
and remaining as above described. In a short time the drop thus 
becomes crowded with individuals, and the preparation shows exactly 
the appearance represented in Fig. 5. 

If in place of distilled water we introduce a drop of +4, °/, H,SO, 
the conduct of the Paramecia is somewhat different. On swimming 
by chance against the edge of the drop the animal suddenly reverses 
its cilia and swims a long distance straight backward, often ten times 
its own length, or much more. It then either starts off in another 


Fig. 6 Fig. 7 
Fig. 6.. Course of a Paramecium in a drop of distilled water. 

Fig. 7. Course of a Paramecium about a drop of y},°/, sulphuric acid. 
direction, in which case of course it leaves the drop entirely, or it 
swims straight forward again to the margin of the drop. Here the 
reversal of the cilia occurs again, but the animal generally does not 
swim so far backward as before. This may be repeated a number of 
times, until finally the Paramecium does not reverse its cilia and swim 
backward on striking the drop, but merely turns away and swims in 
another direction. Here however it comes to another invisible boundary 
at a slight distance outside of the evident margin of the drop of acid, 
from which it turns again toward the interior,—turns from this as at 
first only to meet the outer boundary again, and thus it continues to 
swim in a ring about the drop of acid, repelled by both the inner and 
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outer boundary of the ring. The course of a Paramecium in such 
@ case is shown in Fig. 7. As the surrounding. medium is alkaline 
while the drop itself is acid, it appears that the ring to which the Para- 
meecia are confined must be nearly or quite neutral in reaction. The 
outer boundary indicates negative chemotaxis toward alkaline fluid : 
the inner boundary indicates negative 
chemotaxis toward (strong) acid. Such 
a ring becomes in a few minutes densely 
crowded with Paramecia; Fig. 8 shows a 
preparation into which was introduced five 
minutes before a drop of +},;°/, H,SO,. 


—about gi, °/,—the Paramescia act toward Paramecia gathered in a close ring 
it toward distilled water. Ifa SP 
very strong solution of acid is used, the results above described are 
modified in one respect. Many of the Paramecia, swimming too 
violently against the inner boundary of the ring are there killed by 
the strong acid before they can swim away, so that the inner boundary 
is indicated by a zone of dead Paramecia. 

Essentially similar results are gained by the use of proper degrees 
of concentration of any of the other acids mentioned, or with the acid 
salts, copper sulphate or mercuric chloride. 

If after the Paramecia have gathered in the drop of weak acid 
or of distilled water the constant electric current is passed through 
the preparation, the same results are gained as described on p. 262, for 
the group formed in the “introductory experiment.” The Paramecia 
swim to the cathode side of the drop; but no further; nor can they be 
forced over the boundaries of the drop without a very strong and long- 
continued current. If the substance is a drop of stronger acid, so that 
the Parameecia are confined to a ring around the outside of it, being 
negative to the centre (Fig. 8), when the electric circuit is closed the 
Parameecia do not swim across the drop, but follow around its circum- 
ference, from one side to the other. 

Finally, if we introduce into a preparation a drop of some alkali 
—for example, a 4, °/, solution of KOH, in place of the distilled water 
or the acid, an entirely different result is gamed. The Paramecia on 
coming in contact with the margin of the drop, reverse their cilia, 
though much less violently than in the case of a strong acid, and jerk 
back, perhaps a fraction of their own length. At the same time they 
turn and swim in another direction. The drop thus remains entirely 


| 


REACTIONS OF CILIATE INFUSORIA. 271 


empty: there is no collection either within it or at its margins. The 
Parameecia are not injured by it as they are by an equally powerful 
acid, because they form no gathering about 
its margin and therefore do not venture 
too deeply into it for safety. 

The same results are gained by the 
use of other alkalies or salts having an 
alkaline reaction. Fig. 9 shows the effect 
of the introduction, 10 minutes before, of —- Fig. 9 
& rhy°/, solution of Na,CO,. Preparation into which was intro- 

In hydrant water the results are the duced 10 minutes before, a drop 
same and possibly even more pronounced Of rhe 
than in the water from the culture jar, as the Paramecia are even 
more strongly negative to the hydrant water. This is demonstrated 
by testing Paramecia in culture water with hydrant water; they are 
negatively chemotactic to it. The converse experiment—the intro- 
duction of a drop of water from the culture-jar into a preparation of 
Parameecia in hydrant water—gives the opposite results; the Paramecia 
in hydrant water are positively chemotactic to the fluid from the culture 
jar. The hydrant water in Jena is strongly impregnated with calcium 
carbonate, and gives a distinctly alkaline reaction with litmus paper, 
so that negative chemotaxis toward it is what might be expected. 

I must mention here a peculiar variation in the results gained, 
which at first caused confusion in my own observations, and would 
doubtless do the same in the case of anyone repeating these experiments. 
The Paramecia in the culture jars are not distributed uniformly in the 
water, but are gathered in dense collections,—on the decaying vegetable 
matter just below the surface of the water, as well as forming a broad 
white line on the walls of the vessel a few millimeters below the water 
surface. If for making the tests Paramecia are taken by means of a 
pipette directly from one of these collections, and brought: in the same 
pipette under the cover-glass, results entirely different from those above 
detailed will be gained on the introduction of a drop of the various 
chemical reagents. The Paramecia show themselves under these 
circumstances distinctly and strongly negative to every substance intro- 
duced, including distilled water and acids. If however the Paramecia 
on being removed from the culture jar, are brought first into a watch- 
glass, and are there thoroughly stirred up and brought into contact 
with the air, by the use of the pipette, and the tests are then made 
with slide and cover preparations of these Paramoscia, the results gained 
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are those above described. The negative results gained when the 
Paramoscia are not thus stirred up are due to the presence in the water 
of a volatile substance to which they are much more strongly positive 
than to any of the solutions introduced. This is shown by their 
beginning at once to gather into groups in different parts of the prepa- 
ration, avoiding throughout the introduced drop. To determine what 
this volatile attractive substance is, is one of the chief objects of this 
portion of the paper. 

We may summarize our results up to this point as follows: The 
Parameecia live in a fluid having an alkaline reaction. They are 
negatively chemotactic to this fluid and to all other alkaline fluids. 
As a result of this negative chemotaxis, they gather into a drop of 
distilled water introduced into the fluid in which they live. The Para- 
meecia are also negative to strong acids, but gather quickly into a 
weakly acid fluid introduced into the alkaline water in which they 
live. Whether this is because the Paramecia are really positively 
chemotactic to the acids or only gather in a region where the acid 
neutralizes the alkali of the surrounding fluid is not yet determined. 

The next question for determination is therefore whether the Para- 
meecia are really positively chemotactic toward acids, or whether all the 
phenomena observed can be explained by the negative chemotaxis 
toward alkalies. In order to test this question the Paramecia must 
first be brought into an entirely neutral medium,—that is, into 
distilled water. 

The infusoria are easily brought into distilled water by the use 
of the glass tube, taking advantage of the negative geotaxis of the 
animals, as described on p. 264; distilled water is simply substituted 
for hydrant water in the procedure there described. The Paramecia 
are not appreciably harmed by the transfer and live in the distilled 
water for weeks, seemingly as lively as ever. In the first one or two 
days after the transfer is made the animals are excessively sensitive 
to all chemicals, showing marked negative chemotaxis to almost all 
substances tested, and positive chemotaxis to almost none. But after 
three or four days or a week in distilled water the conduct becomes 
quite normal, except that they are much more sensitive to chemical 
agents than under normal circumstances. 

Slide and cover preparations were made as before, with the Para- 
meoecia in distilled water, and the same substances were re-tested under 
these circumstances. This is a piece of work requiring great pains and 
much time. The sensitiveness of the Paramecia to chemical reagents 
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is so increased that solutions of acids which formerly acted positively 
now have a distinct negative effect. In order to be certain whether 
positive chemotaxis toward a given substance occurs at all or not, 
many experiments are necessary to discover the precise degree of 
concentration which acts positively. This is further complicated by 
a peculiar fact. After the Paramecia have remained some days in 
distilled water, they become positively tactic to distilled water in which 
Parameecia have not lived. The explanation of this fact is probably 
that the distilled water containing many Paramecia becomes slightly 
contaminated by matter excreted by the animals. I have tested such 
water carefully with litmus paper, but was unable to discover any 
evidence of its having gained an alkaline reaction. However, the fact 
renders it inadmissible to mix the reagents with ordinary distilled 
water, since of course if the concentration of the substance to be tested 
is lowered to such an extent that it becomes entirely ineffective, the 
positive reaction due to the simple distilled water is gained, leading 
to false conclusions. : 

It was therefore necessary to mix the reagents with the same water 
in which the Parameecia to be tested are swimming. The only certain 
method is to have the Parameecia, in distilled water, in a vessel of 
some size; then to remove from this same vessel with a pipette water 
(containing Paramecia, of course) for mixing with the reagents. It is 
even necessary to keep the vessel thoroughly stirred up, as otherwise 
the Paramecia in one part of it may become positively or negatively 
tactic toward water from a different part of the same dish,—a peculiar 
fact of which the explanation will be given later. 

However, all these precautions being observed, the following results 
are gained. Toward all the substances given in the list on page 283 
to which the Parameecia in the water from the culture jar were negatively 
chemotactic, the Parameecia in distilled water are likewise negatively 
chemotactic. In the latter case the negative chemotaxis is more powerful, 
inasmuch as solutions which are so diluted as to be entirely ineffective 
in the former case, are strongly negative in effect if the Paramecia are 
in distilled water. 

Toward substances with regard to which the Parameecia in the water 
from the culture jar are positive, the Parameecia in distilled water are 
likewise positive. But in the latter case the positive chemotaxis is 
much weaker than with Parameecia in water from the culture jar. The 
positive chemotaxis occurs, when the Parameecia are in distilled water; 
only with very weak solutions, and all stronger solutions of the same 


¥ 
ty 
Ax 
+ 
4 
» 
; 
4 


274 7 H. 8. JENNINGS. 


substance act negatively. Moreover, the collections of Paramecia 
formed are scarcely so dense and often do not last so long as in the 
previous experiments. 

The greatly increased sensitiveness in distilled water, indicated by 
the changed chemotaxis, is shown also in another way. Chemical 
solutions which had almost no injurious effect on Paramoscia under 
natural conditions, are quickly fatal to Paramecia in distilled water. 

We may conclude from the foregoing series of experiments that 
Parameecium is, (1) positively chemotactic toward substances having a 
weak acid reaction; (2) negatively chemotactic toward alkalies and 
some salts. The results given in the beginning (page 266) for certain 
complex substances readily take their place under this view. Rancid 
oils have of course an acid reaction, and the same is true of extract 
of meat; hence the positive chemotaxis toward these substances. The 
apparently positive chemotaxis of Parameecia in hydrant water to fluid 
from the decaying vegetable material in the culture jar is seen to be 
only an expression of the fact that they are less strongly negative 
to the water of the culture jar than to the hydrant water. Paramecia 
in distilled water are strongly negative both to water from the 
culture jar and to hydrant water, these both having an alkaline 
reaction. 


Relation of Chemotawis to Tonotaxis, and the actual réle played by 
Tonotasis. 


There remains undecided, however, the relation of the phenomena 
described to Massart’s tonotaxis. Probably no one would invoke the 
aid of tonotaxis to explain what I have described above as positive 
chemotaxis. But is not what I have heretofore spoken of as negative 
chemotaxis perhaps of the nature of Massart’s tonotaxis? Tonotaxis 
signifies a motion of free organisms as a reaction to a stimulus due to a 
change in the osmotic pressure of the surrounding fluid. 

It supposes that when an organism is living normally in a fluid 
of a certain osmotic pressure an increase in this osmotic pressure will 
cause fluid to pass out of the organism, a decrease in this osmotic 
pressure will cause fluid to pass into the organism, and that the passage 
of fluid in either case is a stimulus to the organism causing it to 
move. 

The question, therefore, which we wish to decide is, whether the 
negative taxis of Paramecium in coming into contact with solutions of 
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various substances is due to the osmotic pressures of the solutions or to 
their chemical characters. Obviously the way of testing this is to 
determine how far the reactions of the Paramecia vary with variations 
in the osmotic pressure, and how far they vary with variations in the 
chemical nature of the surrounding fluid. 

In working this out the method I have followed is to find the 
weakest solution of any substance A, to which the Paramocia show a 
recognizable negative taxis, to determine the same point for a second 
substance B, and then to compare the osmotic pressures of the two 
solutions. If the two solutions have the same osmotic pressures, 1.¢. 
are isotonic, the evidence is in favour of the theory that the taxis is 
the result of the osmotic pressure, otherwise not. 

In estimating the percentage of a substance B which is isotonic to a given 
percentage of a substance A, I make use of the formula | 

molecular weight of B) (i of A 

and of the molecular weights and values for ¢ given in the following Table. 
The values for i I have taken from the works of de Vries, Hamburger, 
Képpe and Arrhenius, The variations from the true value which there 
may be in some instances are too slight to affect the results obtained in this 
investigation. 


Taste I. Substances tested for Tonotaxis. 
Mol. Value Mol. Value 
Substance wt. of i. Substance wt. of i. 
Potassium hydroxide 56 1-92 Ethyl alcohol 46 1-00 
Sodium hydroxide 40 1-92 Chloral hydrate 1475 1-09 


Sulphuric acid 98 2°12 Cane sugar 342 1-00 
Hydrochloric acid 365 1-94 Dextrose - 180 1-00 
Sodium chloride 585 361-66 Mannite 182 1-00 
Sodium carbonate 106 2-20 Glycerine 92 1:00 
Potassium bromate 167 [1°61] | Urea 60 1-00 


Copper sulphate 249 1-16 


The experiments were carried on by means of the slide and cover 
preparations and introduced drop (cp. Fig. 4). The solutions were 
made by dissolving the proper proportions of the substances by weight 
in distilled water: thus a 2 °/, solution would signify a solution made 
by adding 2g. of the substance to be tested to 98cc. of water. 
Throughout the experiments I have used a solution of ordinary salt 
(NaCl) as a standard with which to compare other substances. This 
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substance was chosen as a standard for several reasons. It has a 
decidedly negative action wherever present in effective quantities. 
But this negative action is not violent, so that the solutions become 
ineffective without being excessively diluted ; this seemed to indicate 
that the action might be purely osmotic in nature, making it a 
favourable substance for comparison with others. Of course this 
adoption of a standard is purely a matter of convenience ; the general 
results will be the same whatever the standard used. 

The experiments are much more difficult in the execution, if 
accurate results are to be obtained, than might appear at first. The 
plan is as follows. Parameecia in the water of the culture jar or in 
hydrant water are positively tactic toward distilled water, so that if a 
drop of distilled water is introduced with the capillary pipette, it is 
quickly filled with Paramecia. If, however, some substance to which 
the Paramoscia are negatively tactic is dissolved in the distilled water 
the drop remains empty on being introduced into the preparation. 
Exactly that concentration must now be sought out to which the 
Parameecia are nearly or quite indifferent: that is, such a concentration 
that they enter the drop on coming in contact with it, but do not form 
a collection within it. If a higher concentration is used they will not 
enter the drop, while if a lower concentration is employed they act 
toward it as toward a drop of distilled water. This indifference point 
can be determined with a close approximation to accuracy. But it 
is not possible to determine this point for any standard substance, as, 
say, NaCl, once for all, because of the great variations in reaction under 
varying circumstances. Among the many circumstances to be taken 
into consideration are the following. First, the Paramecia in the 
culture fluid are not always positive toward distilled water, so that this 
point must be carefully tested beforehand. Of course if the experiments 
are carried on with Parameecia that are negative to distilled water it is 
impossible to determine the point where the negative action of the 
substance in solution ceases. Secondly, having tested the Paramecia 
and found them positive to distilled water—they may soon become 
negative to it if they are not prevented by occasionally stirring them 
up thoroughly. Thus the later members of a series of experiments will 
show entirely different results from the first ones, and the entire series 
is rendered worthless through a neglect of this precaution. Thirdly, 
Parameecia at different times and under different circumstances show 
an entirely different degree of sensibility to the same solution. These 
remarkable variations will all find a satisfactory explanation at a later 
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point in the investigation. Fourthly, the reaction depends to a certain 
extent on the thickness of the layer of water between the slide and 
cover-glass. If the space between the slide and cover is great, the 
introduced solution diffuses more quickly and the reaction of the Para- 
meecia is therefore not so pronounced. Hence the results of experiments 
carried on with the cover-glass resting on supports of varying thickness 
are not comparable. 

All these precautions are satisfied by the following method of 
procedure. Paramoscia are removed from the culture jar with a large 
pipette, placed in a small beaker and thoroughly stirred up and brought 
into contact with the air. Thereupon, as before stated, they become 
positive to distilled water. This stirring must be repeated often to 
prevent their becoming again negative. A preparation is then made by 
bringing the Parameecia upon a slide with a long cover-glass (22 mm. 
by 40 mm.), supported near its ends by two pieces of capillary tubing 
of equal and uniform diameter. A number of beakers are arranged, 
one containing a solution of NaCl of about the strength that will 
probably (from previous trials) be found to be nearly neutral; the 
second a solution, isotonic with the NaCl solution, of the other 
substance to be tested; a third containing distilled water. A drop of 
the NaCl solution is taken up with the capillary pipette and intro- 
duced beneath the cover-glass, but near one end, forming there a 
small circle 5—8 mm. in diameter. A drop of the second solution to be 
tested is introduced in the same manner near the other end. The two 
drops are thus under precisely similar conditions, and the conduct of 
the Paramecia toward them can be observed without fear of disturbance 
of the results by varying outer conditions. The tests must however be 
made at once after the Paramecia are brought on to the slide, other- 
wise clear results will not be gained. 

It will be understood from the above description of the method of 
experimentation, that if in one case the lower limit to which the 
animals are sensitive is given for an NaCl solution as 0°10 °/,, in another 
as 0°033°/,, there is no contradiction involved, and the conclusions 
to be drawn are not thereby influenced, since the other substance for 
comparison was tested in each case under exactly the same conditions 
as the NaCl. 

Where substances to which the Paramescia are positively chemotactic 
(to a weak solution) are found in the table (acids), it is of course to be 
understood that we are dealing here with the weakest solution to which 
the Paramocia are negative: to a still weaker solution they are positive. 

PH. XXI. 19 


4 
j 
a 
a 
* 
> 


278 H. 8. JENNINGS. 


The results for the different substances are given in Table II. In 
this table the fluid in which the Paramescia were tested is given, that 
is, whether the Paramecia in this experiment were in water from the 
culture jar, hydrant water, or distilled water. This should of course 
make no difference to the results gained, as the two substances (NaCl 
for comparison and the substance under discussion) were tested under 
the same conditions. The concentration of NaCl to which the Para- 
meecia are in this case exactly indifferent is stated, and the concentra- 
tion of an isotonic solution of the substance in question; that is, a 
solution which has the same osmotic pressure as the above NaCl 
solution. If the cause of the negative taxis of the Paramecia lies in 
the osmotic pressure, we ought to find experimentally also that this is 
the weakest solution to which the Paramecia are negative. The 
minimum to which the Paramecia are negative, as actually found by 
experiment, is then given, and this is followed by a statement of the 
ratio between the calculated concentration and this actual concentration 
observed. To be favourable to the tonotaxis theory, this ratio should of 
course be 1 or in the neighbourhood of 1. 


Taste II. 


Bases. 


1. Potassium hydroxide. Paramecia in hydrant water. 
Indifferent to 0°10°/, NaCl, isotonic with 0°083°/, KOH. 
Actual minimum observed for KOH, 0-005 °/,. 

Ratio of calculated minimum to actual minimum, 16 to 1. 

2. Sodium hydroxide. Paramecia in culture water. 

Indifferent to 0-066°/, NaCl, isotonic with 0-039 °/, NaOH. 
Actual minimum, 0°0025°/, NaOH. Ratio, 16 to 1. 


Acids. 
3. Sulphuric acid. Parameecia in culture water. 
Indifferent to 0-05 °/, NaCl, isotonic with 0-065 °/, H,SO.. 
Actual minimum, 0°00125°/, H.SO,. Ratio 52 to 1. 
4. Sulphuric acid. Paramecia in distilled water. 
Indifferent to 0-033 °/, NaCl, isotonic with 0°042°/, H,SO,. 
Actual minimum, 0°00125°/,. Ratio 33 to 1. 
5. Hydrochloric acid. Paramecia in culture water. 


Indifferent to 0:05°/, NaCl, isotonic with 0026 HCl. 
Actual minimum, 0°00125°/,. Ratio 20 to 1. 
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Salts. 

6. Sodium carbonate. Paramecia in hydrant water. 

Indifferent to 0-066 °/, NaCl, isotonic with 0-090°/, Na,CO,. 
Actual minimum, 0°004°/,. Ratio 22 to 1. 

7. Sodium carbonate. Parameecia in distilled water. 

Indifferent to 0:033°/, NaCl, isotonic with 0-045 °/, Na,00,. 
Actual minimum, 0-00208°/,. Ratio 22 to 1. 

8. Potassium bromate. Paramevcia in distilled water. 
Indifferent to 0-066 °/, NaCl, isotonic with 0°19°/, K BrO,. 
Actual minimum, 0-0208°/,. Ratio 9 to 1. 

9. Copper sulphate (CuSO,+5H,O0). Paramecia in culture water. 
Indifferent to 0°05°/, NaOl, isotonic with 0-304 °/, CuSO,. 
Actual minimum, 0:00125°/, CuSO,. Ratio 243 to 1. 


Organic Compounds. 
10. Ethy) alcohol. Paramecia in culture water. 
Indifferent to 0-10°/, NaCl, isotonic with 0°13 °/, alcohol 
Actual minimum, 1°/, alcohol. Ratio 1 to 8, 
11. Chloral hydrate. Paramecia in culture water. 
Indifferent to 0°05 °/, NaOl, isotonic with 0°19 °/, OCl,COH. 
Actual minimum 0-066°/, CCICOH. Ratio 3 tol. . 


From this table it is evident that the negative taxis of Paramecium 
to these substances bears no relation to the osmotic pressure of the 
solutions, Taking NaCl as unity, the ratio of the strength of solution 
reckoned on the basis that the osmotic pressure is the active agent in 
the stimulus, to the strength of solution actually found varies all the way 
from 243 to 4. There can be no question therefore that we are dealing 
here with negative chemotaxis and not with tonotaxis. A considerable 
number of other substances were tested with sufficient precision to 
determine that their negative taxis was much stronger than could be 
reckoned on the tonotaxis theory—though not with such exactness 
that they could be taken into the above table. 

The conclusion that we are dealing with negative chemotaxis and 
not with tonotaxis is rendered exceedingly probable by certain other 
considerations. The Parameecia live in water which contains a con- 
siderable quantity of various salts, especially CaCO,, so that a solution 
in distilled water of, for example, ;}, °/, copper sulphate is probably 
much less dense than the water the Paramescia are already in. The 
disinclination of the Paramoscia to enter such a solution might possibly 
be considered negative tonotaxis to a less dense solution than that to 
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which the animals are accustomed ; tonotaxis of this sort is not un- 
common, according to Massart. But this view is of course rendered 
inadmissible by the fact that the Parameecia do enter the distilled 
water, which is still less dense than the ,4,°/, CuSO, I have thought 
it best however to make a thorough test of the matter from the other 
point of view, in order to set the question entirely at rest. Whether 
we consider the solutions used as denser or less dense than the water in 
which the Paramescia are found, it is equally impossible to hold the 
reactions to be due to tonotaxis. 

But the impossibility of considering the above reactions to be due 
to the osmotic pressure of the solutions is rendered, not more certain, 
but more striking, when certain other substances are drawn into the 
circle of experimentation. By the aid of these we are able to see 
precisely the relations of chemotaxis to tonotaxis, and to observe the 
effects of tonotaxis acting alone. Toward a number of organic com- 
pounds—cane sugar, dextrose, mannite, glycerine, and urea—the Para- 
meecia are chemically entirely indifferent, so that with them tonotaxis 
may be studied in its simplicity. This will be best shown by detailing 
certain experiments. 

(1) An ordinary slide and cover preparation is made, with Para- 
meecia in water from the culture jar. They are tested and found to be 
positive to distilled water. Now with the capillary pipette a drop of 
a 2°/, solution of cane sugar in distilled water is introduced. The 
Parameecia act toward it exactly as toward a drop of distilled water. 
On coming to the edge they either hesitate an instant, or cross at once, 
swimming into the drop, but stopping on coming to the opposite side, 
exactly as described on p, 268 for distilled water. Thus in a short 
time most of the Parameecia in the preparation are gathered into the 
drop of 2 °/, sugar solution. 

A 2°/, solution of cane sugar has the same osmotic pressure as 
a 4°/, solution of NaCl, Introducing a drop of 4°/, NaCl in distilled 
water into the preparation, the Paramecia are strongly negative. 
Successive trials are made with weaker solutions of NaCl, until it is 
found that the Parameecia become barely indifferent to a 3, °/, solution of 
NaCl. This therefore works more powerfully than a solution of sugar 
having four times its osmotic pressure. The same Paramecia were 
tested with CuSO,, and it was found that while the margins of the 
drop exercise a positive attraction to the Paramoscia, they are negative 
to the inside of a drop of ,},°/, CuSO, in distilled water, They are 
thus more strongly negative to a solution of copper sulphate than to 
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a solution of cane sugar having about 1000 times the same osmotic 
pressure. Fig. 10 shows a preparation to Fig. 10 

which a drop of a 2°/, cane sugar solution | 

at a, a drop of CuSO, at 5b, and a 
drop of NaCl at had been added || 3- ; 


five minutes earlier. 


The apparently positive taxis to the 

sugar solution is due merely to the fact : ; 

that the solution is made up in distilled i? 
water, as is shown by the following experiments: 

(2) Parameecia in distilled water. Introduced a drop of 2°/, sugar 
solution in distilled water. The Paramecia are entirely indifferent to 
it; they swim in or out of the drop, exactly as in any other part of the 
preparation. 

(3) Parameecia in water from the culture jar. A 2°/, solution of 
cane sugar was made up also in the culture water, and a drop of this 
introduced into the preparation. The Paramecia are entirely in- 
different, as in the previous experiment. 

(4) Parameecia in culture water. Under one end of the cover-glass 
a drop of 2°/, sugar solution in distilled water is added; under the 
other a drop of pure distilled water. The Paramecia behave in exactly 
the same manner to both,—forming a gathering in one as in the other. 

To a 2°/, cane sugar solution therefore the Parameccia are entirely 
indifferent, behaving toward it as they would to a drop of the pure fluid 
in which the solution is made. The sugar solution may be made 
negative by mixing with it a slight quantity of some substance to 
which the animals are negative, as NaCl, or positive by adding to it 
a trace of acetic acid. In all these respects it is exactly like ordinary 
water. 

If we substitute an 8°/, solution of cane sugar for the 2°/, solution, 
the phenomena remain almost entirely unchanged. If the 8°/, sugar 
solution is made in distilled water and the Parameecia are in culture 
water, they collect in the drop of sugar solution as in distilled water. 
If the sugar solution is prepared in the same water as that in which 
the Paramescia are swimming, they are quite indifferent to it, swimming 
in and out of the drop without hesitation. If the animals are observed 
in the drop of 8°/, sugar solution, however, their conduct is seen to be 
slightly modified. They seem excited, and swim more hurriedly and 
irregularly than in the pure distilled water. At the same time they 
may be seen to shrink a little, owing to the withdrawal of water from 
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the protoplasm through the osmotic effects of the sugar solution. These 
effects are not marked, however. | 

If the density of the sugar solution is increased to 20°/, the Para- 
meecia behave as follows. On coming to the edge of the drop they 
make no sign of stimulation, but pass directly in, the motion becoming 
however a little slower. This is doubtless a mechanical result of the 
thickness of the sugar solution. Many specimens continue to swim 
straight ahead very slowly, but before the animal has passed half-way 
across a drop 6 mm. in diameter it has shrunk to a flat plate, owing to 
the plasmolysing effects of the dense sugar solution. The animal stops 
and dies. Other individuals shortly after passing the boundary hesitate, 
swing the anterior end back and forth, then pass on till they are 
plasmolysed, Others again after this moment of hesitation turn and 
swim in another direction; some of these thus pass out of the drop 
and so escape destruction. Still others, after swimming quietly some 
distance into the drop, stop, then reverse the cilia and swim straight 
backward, often a sufficient distance to carry them out of the drop. 
But the large majority of all those individuals which, in their random 
course, swim against the edge of the drop, pass in and are killed by 
the plasmolysing effects of the sugar solution. In a short time the 
spot where the drop of sugar solution was introduced is indicated by 
a large collection of dead Paramecia, 

A drop of 20°/, sugar solution is thus incomparably more dangerous 

to the Paramecia than a drop of some strong alkali. If a drop of 
2°/, KOH is introduced under the cover-glass, scarcely a Paramecium 
is injured by it, except such as were overwhelmed by the drop as it 
was introduced beneath the cover-glass. In the case of the alkali the 
negative chemotaxis of the Paramoscia warns them long before the 
danger point is reached, so that they swim in another direction, while 
the sugar solution does not act as a stimulus until plasmolysis has 
begun and the animal is in too deep to be extricated. 

The same results are gained by a study of the conduct of Paramecia 
toward dextrose, mannite, glycerine, and urea. Toward solutions of all 
these substances the infusoria seem entirely indifferent. Solutions of 
strength insufficient to plasmolyse the animals call forth no reaction 
whatever. If a drop of very strong solution of any of these is intro- 
duced, the Paramecia enter without hesitation, then show signs of 
agitation, perhaps reverse the cilia, and finally die of plasmolysis. 

The precise conduct of the infusoria toward strong osmotic fluids 
was studied with especial care in the case of a 10°/, solution of glycerine. 
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After swimming without hesitation some distance into the drop the 
plasmolytic action begins. The animal reverses its cilia, swimming 
straight backward some distance, but generally not far enough to carry 
it out of the drop. The cilia then begin to strike in the original 
direction again: the animal therefore darts forward. Quickly the cilia 
are reversed again and the animal swims backward, a somewhat less 
distance than after the first reversal; then forward a short distance, 
then backward, the distance covered at each reversal of the cilia 
becoming less and less. At the same time the animal begins to revolve 
rapidly on its long axis. Finally the impulses to forward and back- 
ward motion seem to become equal; the animal remains in place, 
revolving rapidly on its long axis, and in a few seconds is dead, the 
body having shrunken to a flat plate. 

Thus while changes in osmotic pressure do act as a stimulus for 
Paramecium, the stimulus is so weak and slow in action that it does 
not suffice to save the animals from destruction by plasmolysis. The 
Parameecia apparently do not respond until a decided and outwardly 
evident shrinkage of the cell body has occurred. Tonotaxis seems there- 
fore to play no important part in the life activities of the animal. 

The conclusions tentatively expressed earlier in regard to chemo- 
_ taxis may therefore be now reaffirmed with absolute confidence. Para- 
meecium aurelia is (1) positively chemotactic toward solutions 
having a weak acid reaction, (2) negatively chemotactic 
toward solutions having an alkaline reaction, (3) negatively 
chemotactic toward strong acid solutions, (4) negatively che- 
-motactic toward some neutral salts and some organic com- 
pounds, (5) chemically indifferent toward certain organic 
compounds. 

It may be well to give here a list of the substances toward which 
I have determined definitely the manner of reaction, as they are 
scattered in the above discussion, and some substances tested have 
not been heretofore mentioned. 

Paramecium aurelia was shown to be positively chemotactic toward 
weak solutions of the following substances :—meat extract, rancid olive 
oil, rancid cod-liver oil, mercuric chloride, copper sulphate, sulphuric 
acid, hydrochloric acid, nitric acid, acetic acid, tannic acid. All these 
substances have an acid reaction. 

Toward the following, Paramecium showed itself negatively chemo- 
tactic: (a) strong solutions of all the substances in the foregoing list ; 
(b) all effective solutions of potassium hydroxide, sodium hydroxide, 
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sodium carbonate, sodium bicarbonate, sodium chloride, ammonium 
chloride, potassium bromate, lead acetate, ethyl alcohol and chloral 
hydrate. 

To the substances in the following list Paramcecium is indifferent, 
so far as the chemical nature of the substances is concerned: cane 
sugar, dextrose, mannite, glycerine, and urea. 

To the list of substances to which Paramecium is positive should 
be added oxygen, according to the observations of Verworn (1889) and 
Loeb and Hardesty. According to Israel and Klingmann (p. 327), 
Paramecium (aurelia?) is positively chemotactic to water in which 
metallic copper has lain for a time. The authors do not state definitely 
whether the “copper water” used in these particular experiments was 
prepared with distilled water or with the same water as that in which 
the Paramecia lived. In the former case the positive taxis observed 
would probably be due to the distilled water alone. 

Regarding the negative chemotaxis of Paramecium toward CO,, 
as reported by Loeb and Hardesty, I shall have something to say 
in the ensuing part of this paper. It has been shown above that the 
statement of Loeb and Budget that Paramecium is negative to 
acids and alkalies is correct for stronger solutions; these authors them- 
selves state that if weaker solutions are used somewhat different: 


reactions are obtained, though what these different reactions are they 
do not say. 


Determination of the Chemical Substance causing the Collections of 
Paramecia under normal conditions. 


We are now prepared to investigate the further problem: What 
is the attractive substance in response to which the Paramecia gather 
about the bit of decaying vegetable material in the centre of the 
slide, as shown in Fig. 2? 

As will be recalled, the evidence seemed at first to point to the 
view that the Paramoecia were positively chemotactic to soluble sub- 
stances produced by the decaying vegetable material. Later (p. 274) 
this was shown to be incorrect. The incorrectness of this view may 
be demonstrated in a most striking manner by a simple alteration 
in the experiment. Let a bit of filter paper or a minute piece of 
linen fibre be substituted for the decaying vegetable material; the 
Parameecia gather in a dense collection about it, exactly as about the 
bit of decaying matter. The experiment may be performed in water 
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from the culture jar in hydrant water or in distilled water; the results 
are the same. 

This experiment raises the question whether the entire foregoing 
investigation of chemotaxis has not been a movement in a false di- 
rection so far as explaining this phenomenon is concerned. If the 
Paramecia gather in the same manner about any bit of substance 
having no active chemical properties whatever does not that prove 
that chemical action has nothing to do with the phenomenon ? 

The implication contained in this question is an exceedingly plau- 
sible one. However, it may be easily shown to be false. Let the 
Parameecia gather about the bit of filter paper, asin Fig. 2. After 
a time the dense gathering becomes looser; the Parameecia spread out 
into a larger clearly defined area, as described in the “Introductory 
Experiment,” and shown in Fig. 3. As will be noticed, the arrange- 
ment is much like that shown for the chemotaxis of Paramecium 
about a drop of acid substance, in Fig. 8. Now let a fresh preparation 
of Parameecia be made, without the bit of filter paper. The Parameecia 
are in this scattered uniformly, as shown in Fig. 1. 

Next we introduce the point of the capillary pipette beneath the 
cover-glass of the preparation in which the Paramecia have formed 
a group about the bit of filter paper (as in Fig. 3), and remove 
therewith a drop of water from within the area to which the Paramecia 
are confined, close to the filter paper. This drop is injected beneath 
the cover-glass of the second preparation, in which the Parameecia 
are uniformly distributed. As soon as a Paramcecium, swimming at 
random in this second preparation, comes to the drop of fluid injected, 
it swims directly in without hesitation, but on coming to the opposite 
side of the drop, it stops at once and turns back—exactly as illustrated 
in Fig. 6, p. 269. It thus remains in the drop, swimming about in 
the liveliest manner, but never leaving it. Successive Paramecia are 
thus quickly collected, and in five to ten minutes all the Paramecia 
in the preparation are gathered in the small area where the drop was 
introduced, exactly as shown in Fig. 5. If a drop of water from some 
other part of the first preparation, outside the area of Parameecia, is 
injected into the second preparation, no effect is produced. 

Evidently there is some substance in the collection of Paramecia 
about the bit of filter paper, to which the infusoria are strongly 
positively chemotactic. Furthermore, it is evident that this substance 
cannot have been produced by the bit of filter paper or linen fibre. It 
must then have been produced by the Paramecia themselves. 
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This becomes apparent also when the mechanism of the collecting to- 
gether of the Paramecia about the bit of filter paper is carefully 
observed. They swim at first hither and thither in every direction 
throughout the preparation. By chance a few individuals come in con- 
tact with the bit of paper or linen fibre. Here they stop (cp. below, 
p. 298). The small assemblage of Parameecia thus formed begins to ex- 
crete some attractive substance, for the region becomes at once a centre 
of great attraction for the remainder of the Parameecia. Moreover, it is 
not the bit of solid material which is the centre of attraction, but 
rather the group of Parameecia, as such. This is proved by the fol- 
lowing facts. (1) The Parameecia will gather in a dense mass about a 
_bit of paper so small that the outer Parameecia in the mass cannot get 
within ten times their own length of the paper. (2) In some cases 


the assemblage begins to take place by chance on one side of the 


paper. Thereupon all the Parameecia are attracted to this side: the 
mass grows in this direction until finally it becomes entirely separated 
from the bit of paper, which is left quite alone. The latter may then 
be removed with a needle, while the dense gathering of Paramecia 
remains as before. As this is an important matter, an ee 
may be given in detail. 


9.8a.m. Preparation D made, on a slide, but without a cover-glass. In 
the centre of the slide an irregular piece of filter paper, with one side smoothly 
cut, the others torn. 

9.24. A noticeable gathering about the bit of paper. : 

9.44. Almost all the Paramecia are gathered about the bit of paper. A 
very large number along the cut edge; many 
of these cannot get within three Parame- 
cium-lengths of the paper, yet they crowd 
in as close as they can. 

10.10. The thickest mass of Paramecia 
is now at the cut edge of the paper; the 
outer Parameecia are at least ten times their — 
own length from it (Fig. 11). - 

10.20. The Parameecia have all left the ; 
torn edges of the bit of paper, to gather on Q--- b 
the cut edge in a single dense mass as large ee 
as the entire paper. SE 

10.51. The mass of Paramecia arenow | oe 


completely separated by a narrow space from & Fig. 12 


the piece of paper; all are pressing toward a, Paramoscia ; b, bit of paper. 
a centre lying within the group of Paramecia. 
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10.53. The bit of paper was removed with the needle from the region of 
_ the mass of Paramecia to the other side of the slide, but the mass of Para- 
meecia still remains in place (Fig. 12). 

_ The mass of Paramecia thus entirely separated from the bit of paper was 
observed for more than half-an-hour longer. It did not loosen and separate 
into such an area as is shown in fig. 3, because of the absence, in this case, of 
a cover-glass. (Why. this should cause a difference will be explained later.) 


It is evident therefore that the Parameecia are attractive to each 
other, and the experiment previously described, in which a drop of 
- water from the group of Paramecia proved attractive to the Para- 
meecia of another preparation, shows that this must be due to some 
substance excreted by the Parameecia and passing into solution in 
the water. Furthermore, the same substance in somewhat greater 
concentration produces a negative reaction, since the Paramescia after 
a time avoid the centre of the area and gather chiefly about its 
margin, as shown in Fig. 3. 

From what we have learned concerning the phenomena of chemo- 
taxis in general in Paramecium, we should expect this substance to 
be an acid of some sort. When we inquire what acids may be excreted 
by Parameecia, there seem to be two possibilities, The first is that 
the substance may be the CO, excreted in the respiratory process of 
the animals. The second, that some acid is excreted in connection 
with the digestive functions. Greenwood and Saunders have 
shown that an acid is produced in the food vacuoles of infusvria, and 
have demonstrated that this acid is not CO,, since it dissolves granules 
of calcium phosphate. According to the observations of Greenwood 
and Saunders the acid disappears before the food vacuoles are ejected. 
However, the possibility suggests itself that a certain amount of this 
acid persists and is discharged with the waste matter into the sur- 
rounding water. Our first approach to a determination of the attractive 
substance must be by testing whether it can likewise be shown not 
to be CO, 

This test was made by introducing granules of finely powdered 
chalk (CaCO,) into the centre of one of these groups of Paramecia 
and observing the effects. The exact form, size and position of a 
number of irregular granules of the minutest size were noted with 
the microscope, then the preparation placed in the moist chamber for 
a number of hours, At the end of this time the granules of calcium 
carbonate had not suffered the slightest change. On the other hand, 
a similar trial with the weakest solution of HCl to which the animals 
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showed any sensitiveness produced a marked corrosion of such granules 
in a much shorter time. The evidence gained in this way is therefore 
against the presence of any acid stronger than CO, What is now 
desired is a delicate test for CO, 

At the suggestion of Professor Verworn I used for this purpose 
a solution of rosol. This produces with water a beautiful red solution, 
which is decolorized by carbon dioxide—as well as by other acids, of 
course. A weak solution of rosol is not injurious to the Paramecia, 
so that a large number of the infusoria were brought directly into 
the solution, and a preparation was made with this. A bit of filter — 
paper was placed in the centre, and the Parameecia formed a dense 
gathering about it, as usual. 

Shortly after the collection has become densest the solution begins 
to become colourless about the bit of paper. The group of Paramocia 
begins to loosen and separate, and the colourless space to become 
larger. The Parameecia remain confined to a definitely limited area 
(as shown in Fig. 3) which continually but slowly grows larger; the 
colourless area is exactly identical in size and limits with this area 
to which the Paramecia are confined and holds exact pace with it 
in its increase in size. If the preparation be now viewed with a dark 
background the Paramoscia are seen distinctly as white dots gathered 
in a definitely limited area, the greater number of Parameecia about 
the outer boundary of this space. If the same preparation be viewed 
with a white background the Paramecia disappear, and one sees 
only the clear red colour of the greater part of the slide contrasted 
with the entirely colourless area in the centre, of exactly the form 


and size of the area previously seen to be marked by the Paramescia. 


The reaction is a most striking, precise and satisfactory one, and, taken 
in connection with the lack of reaction towards CaCO,, clearly indicates 
the presence of CO, in the area. 

There remains but to test CO, directly. Pure carbon dioxide was 
made by the action of HCl upon CaCO, The gas was collected over 
water and washed carefully by shaking it up with a solution of sodium 
carbonate. The tests were made in exactly the same manner as for 
other chemical substances. A preparation was made in which the 
animals were scattered uniformly beneath the cover-glass; then a 
bubble of carbon dioxide was introduced with the capillary pipette. 
Immediately before or after, a bubble of air was brought into another 
part of the same preparation as a control. 

The result of the experiment is not doubtful for a moment. The 
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Paramecia are strongly positively chemotactic to the carbon 
dioxide. They gather at once in a dense collection about the bubble 
of CO,, pressing against the very walls of the bubble and crowding 
each other to get as near as possible. Meanwhile the bubble of air 
is left entirely alone. 

I give herewith three figures from my record of experiments, 
illustrating the chemotaxis towards CO, The three figures are from 
@ preparation of Paramecia in distilled water. A bubble of air (a) 
was introduced near the left end of the cover-glass, a bubble of CO, 


Chemotaxis of Paramecia toward 
CO,. Two minutes after the in- 
troduction of the bubble of CO,. 


Two minutes after Fig. 13. 


Same preparation 18 mins. later 
than Fig. 14. 
Fig. 15 


near the right end. Figure 13 shows the preparation two minutes 
after the bubbles were introduced. Many Paramecia are crowded close 
about the bubble of CO, 

The condition two minutes later is shown in Fig. 14. The gathering 
of Parameecia about the CO, has become larger, but the animals are 
not crowded so close to the bubble; there is a distinct space between 
it and the dense ring of Parameacia. They are evidently negative 
toward a too concentrated solution of CO, 

Fig, 15 shows the condition 18 minutes later. The ring is broad 
and not so dense as before; the inner boundary is much farther from 
the surface of the bubble than in Fig. 14. The Parameecia in the 
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ring are exceedingly active, generally swimming around the bubble 
in circular path. 

A large number of such experiments were -performed and always 
with the same result. The experiments may be performed with the 
Parameecia in distilled water, in culture water, or in hydrant water: 
the results are the same. We must conclude therefore that Para- 
meecium aurelia is positively chemotactic toward a solution of CO, 
of a certain strength; negatively chemotactic toward a stronger so- 
lution. The positive chemotaxis toward CO, seems much more power- 
ful than towards other substances, since Paramecia which had been 
brought only the day before into distilled water, and showed almost 
no recognizable positive chemotaxis toward other substances, were at 
once strongly attracted by a bubble of CO, 

The positive chemotaxis toward CO, may be easily shown in 
another manner. If a bubble of ordinary breath is blown beneath 
the cover-glass, with a capillary tube, the Paramecia are distinctly 
positively chemotactic to it, though not so powerfully so as towards 
pure CO, The experiment will of course not succeed unless the 
breath is blown through the tube sufficiently beforehand to be sure 
that all ordinary air is removed from it before the experiment is made. 

As will be noticed, the phenomena observed with CO, are exactly 
the same as those observed with the substance excreted by the Para- 
meecia, and which we had concluded on other grounds was probably 
CO, A drop of water can be taken from within the ring, in the one 
case as in the other, and this drop proves strongly attractive to the 
Parameecia of a fresh preparation. If the electric current be passed 
through the preparation shown in Fig. 14, the Parameecia all gather 
on the cathode side of the ring, but go no farther toward the cathode, 
exactly as was described in the case of the preparation shown in 
Fig. 3. There can be no question that we are dealing with carbon 
dioxide in both cases. 

Armed with this knowledge, we can now explain a number of 
exceedingly puzzling phenomena which have already been mentioned 
in this paper or elsewhere. 


Explanation of previously observed phenomena by means 
of the reaction toward CO, 


We may first summarize briefly the essential features of the so- 
lution of our original problem—the course of events in the “ Intro- 
ductory Experiment” (p. 260). A certain number of Paramecia strike 
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by chance against the bit of decaying vegetable material, and remain 
there. The water in this region then becomes more strongly charged 
with CO, than elsewhere, owing to its excretion here by this coi- 
lection of Paramescia. This region then becomes a centre of attraction 
for other Parameecia, owing to their positive chemotaxis toward CO, ; 
so all collect here. The production of CO, is thereby so increased 
about the bit of vegetable material that the solution in the water 
here becomes too strong: the Paramacia become negative to the CO, 
and leave the centre of the group. They go only to that point 
where the concentration of CO, is that to which they are positive, 
however, and here they remain, on the margin of the area. Indi- 
vidual differences exist in the sensitiveness to CO,, so some Paramecia 
will be found in the centre of the area after most are gathered at 
its margins. The continued growth of the area is due to the con- 
tinued excretion of CO, by the Paramecia. If the constant electric 
current is passed through the preparation, the Paramecia react to 
the electric stimulus normally till this reaction comes in conflict with 
the chemotactic reaction, which occurs at the cathode side of the 
area; the chemotactic proving generally the ck the Paramecia 
do not leave the area. 

A phenomena related to the above was described and figured by 
Jensen. When Paramecia are brought upon a slide, beneath a cover- 
glass, they soon begin to avoid the outer edges of the water, not 
swimming within a certain distance of the margin. The free margin 
thus left becomes broader and broader till the Parameecia are confined 
to a comparatively small central space. Jensen explained this as 
probably due to the greater concentration of the salts in the water 
about the edge, due to the evaporation here. It seems much more 
probably due to the discharge of the CO, which is being continually 
produced by the Parameecia, into the air about the edge of the cover- 
glass, leaving this region much poorer in CO, than the inner part. The 
Paramcecia begin to gather on this account into the central region— 
whereupon the difference in the amount of CO, between the outer and 
inner regions becomes greater than ever, tending still more to ac- 
centuate the gathering of the Paramecia in the central region. That 
this is the true explanation is rendered especially probable by the fact, 
at least when a large cover-glass is used, that the collection does not 
always take place under the middle region of the cover-glass, but may 
occur in almost any part, the precise place where the assemblage occurs 
being determined by chance factors. Such a “chance factor” is a bit 
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of filter paper or linen fibre. A slight roughening of the surface of the 
glass, or the presence of the merest trace of some attractive substance 
may determine the place of gathering in the same manner. If there is 
no such determining factor, the Paramecia simply avoid the outer 
edges and gradually gather in the centre, as described by Jensen. 
The water from one of these central collections of Paramecia is 
attractive, on being introduced into a fresh preparation. This is of 
course inexplicable on the theory that the gathering together of the 
Parameecia is due to the concen:ration of salts about the margin of the 
preparation. If after such a central group has been formed, the electric 
current is passed through the preparation, the Paramescia respond only 
in so far as the electrotaxis does not come in conflict with chemotaxis. 
This explains why, as is often noticed, the Paramoscia of a preparation 
may at first respond typically to the electric current, while later the 
Parameecia of the same preparation respond but incompletely or scarcely 
at all. 

In close relation to this stands the cause of the fact mentioned on 
page 277, that in testing various solutions with Paramecia on the slide, 
it is necessary to make the tests at once after the Paramecia are 
brought into the preparation, or the results are unreliable. After 
remaining some time the Paramescia will have gathered into a group in 
some part of the slide, and will there have produced a certain amount 
of COQ, Being more strongly positive to this than to any substance 
which can be introduced, they may now show negative taxis toward the 
solution tested, when previously they would have reacted positively to 
the same solution. 

A related phenomenon is the following. On page 271 it was stated 
that if Paramoscia are removed from a dense collection in the culture 
jar by means of a pipette and brought at once beneath the cover-glass 
of a preparation, they show themselves 
negatively chemotactic to all substances 
introduced, of whatever nature. In such 
a case the Paramecia do not remain even 
a short time uniformly distributed beneath 
the cover-glass, but will be found gathered 
in some particular region of the slide a Fig. 16 
few seconds after they are introduced. 

Fig. 16 shows a preparation made in this manner; the Paramescia are 
gathered in a long irregular strip near one side. The explanation is 
as follows. In the dense collections of Paramecia in the culture jar 
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the water contains in solution a large amount of CO, excreted by the 
Parameecia. These collections are so small that in removing Parameecia 
from them with a pipette water from outside the collection, containing 
little CO,, is drawn into the pipette also. The whole is now brought 
at once under the cover-glass without a thorough mixture having taken 
place; the Parameecia betake themselves at once to that part of the 
water containing more CO,, leaving the rest of the slide empty. Now, 
if some substance is introduced beneath the slide, to which the 
Parameecia are generally positively chemotactic, they do not respond 
positively, being more attracted by the CO,. If however the water 
from the culture jar is thoroughly stirred up with the pipette and. 
brought in contact with the air before being placed on the slide, the 
CO, is driven off, and the conduct of the Paramecia is not therefore 
modified by its presence ; they give the normal positive reaction to the 
solutions introduced. 

On page 286 it was stated in describing an experiment, that the 
Parameecia, having gathered in a dense mass, did not later loosen and 
separate, on account of the absence, in this experiment, of a cover-glass. 
The reason for this is easily seen when one considers the effect of a 
cover-glass in preventing the escape of carbon dioxide which is produced 
beneath it. If no cover-glass is present, the CO, continually escapes, so 
that the water solution does not increase in strength beyond that 
concentration which is attractive to the Paramecia; therefore they 
continue to crowd together in order to reach the point where the CO, 
is densest. If the CO, in the thin layer of water is prevented from 
escaping by the cover-glass above it, the solution becomes more and 
more concentrated till it reaches a strength to which the Paramecia 
are negatively chemotactic;“Hence they separate, remaining chiefly 
about the margins of the CO, area. It is probable that under natural 
conditions the CO, hardly ever reaches such a concentration as to be 
repellant, owing to its continual diffusion and escape. Thus while the 
positive chemotaxis of Paramecium toward CO, plays a very large part 
in the everyday life of the infusorian, it is probable that the negative 
chemotaxis toward a denser solution comes hardly ever into opera- 
tion. 

Certain phenomena described by Pfeffer (p. 618) in other infusoria 
than Paramecium probably receive their explanation also by the 
attraction of the infusoria toward the carbon dioxide excreted in a 
dense group. Pfeffer observed that when numbers of Glaucoma scin- 
tillans are brought upon a slide, together with some small neutral solid 
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bodies, such as bits of filter paper, the infusoria quickly gather into 
dense groups about the solid bodies, Such large and dense gatherings 
were formed and there was such variation as to which particular bit of 
the solid should form the centre of a group, that Pfeffer felt that the 
phenomenon could not be explained by the contact stimulus exercised 
by the solid alone, and was inclined to believe that it was partly due to 
a contact stimulus resulting from the striking together of the infusoria 
in such a collection. Similar collections in a less pronounced degree 
were observed by Pfeffer in Colpidium colpoda, and still less marked 
in Stylonychia mytilus and in Paramecium aurelia itself. As we know 


that the collections are due in the case of Paramecium to the attrac- 


tion toward the CO, excreted in a dense group, the conjecture is 
exceedingly plausible that the same cause accounts for the phenomena 
in the other cases. 

If a quantity of water containing many Paramecia is brought into 
an open watch-glass or other small vessel, the infusoria are at first 
distributed uniformly. Very soon, however, the Paramecia begin to 
avoid the upper surface and gather toward the bottom. Soon a distinct 
boundary is evident between the water containing Paramescia and that 
containing none. The Paramecia continue to draw together toward 
the bottom until at last a small definitely bounded space in the bottom 
of the watch-glass alone contains Paramecia. The individuals may 


‘be seen to swim straight forward within this space, until, coming 


to the invisible boundary, they are turned back. This is evidently 
a phenomenon of the same nature as those above described. The 
CO, produced by the Paramacia is given off at the surface of the 
water: therefore the Paramecia draw away from the surface. They 
continue to draw together until a balance is struck between the 
amount of CO, produced and that given of; they remain confined to 
the space in which the CO, reaches that concentration to which they 
are positive. A drop of water taken from this gathering in the bottom 
of the watch-glass proves attractive when introduced into a slide of 
fresh Paramecia. If two unpolarisable electrodes are dipped into the 
water on opposite sides of a watch-glass containing such a group of 
Parameecia in the bottom, and the circuit is closed, the Paramecia may 
be induced by the electric current to swim from one side of the small 
bottom group to the other, but only with the greatest difficulty can they 
be forced across the boundary of the group into the surrounding water. 
This furnishes the explanation of the fact often noticed that in order to 
demonstrate clearly the phenomena of electrotaxis in a watch-glass of 
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Parameecia, either the circuit must be closed soon after the infusoria 
are brought into the glass, or the water must be thoroughly stirred up 
occasionally. 

If in place of a concave watch-glass a vessel is used having a broad 
flat bottom, the Parameecia gather in one or more well-defined groups 
in some particular part of the dish. They do not scatter all over the 
bottom, as must be the case if the collecting together were due to 
simple concentration of the salts in the upper layers of the water, 
owing to evaporation. Exactly where the Paramecia shall gather 
depends on chance circumstances; a slight variation in the warmth of 
the two sides; the presence of a small solid object in one spot, or a 
roughening on the surface of the glass. Anything which leads in the 
beginning to « collection of a few individuals in a certain region, 
results later in the gathering of all (or most) of the Parameecia in the 
vessel in this place, owing to the greater concentration of CO, in this 
region. The original occasion for the collection may then be removed, 
but the collection itself remains. : 

On p. 276 it was stated that if Paramcecia which are to be used in 
experimentation are placed in a beaker, and are found by testing to be 
positive toward distilled water, they may later become negative to it 
unless well stirred up at short intervals—thus causing the series of 
experiments to give inconstant and worthless results. This is explained 
by the observations just described. If left untouched for some time, 
the Parameecia gather together in some part of the vessel and excrete 
CO,, to which they are strongly positive. If now, some of these Para- 
meecia, in this water strongly charged with CO,, are brought upon the 
slide and tested with distilled water, they avoid the latter, on account 
of their greater positive chemotaxis toward CO,. If the carbon dioxide 
is driven out of the water by stirring it and bringing it into contact 
with the air, the Paramecia gather in the distilled water. In the same 
way the chemotaxis may vary toward other substances. , 

The explanation of the fact noted on p. 273, that Paramocia may 
become positively or negatively chemotactic to water from a different 
part of the same dish as that in which they are swimming, lies along 
the same line. If Paramecia taken from « part of the dish where the 
water contains much excreted CO, are tested with water from a part poor 
in CO,, the Paramescia are negative; in the converse experiment they 
are positive. 

The place where the Paramecia will form a permanent gathering in 
a shallow vessel may sometimes be determined artificially by the use 


20—2 


Ae 
4 
+4 


296 H. 8. JENNINGS. 


of the electric current. As is well known, when a constant electric 
current is passed by means of non-polarisable electrodes through a vessel 
of water containing Paramecia, the latter gather behind the cathode. 
The explanation why they gather behind the electrode rather than in 
front of it or upon it was given in principle by Ludloff, though he did 
not apply the principle to this particular problem. He showed that the 
movement toward the cathode was due, not to any attraction of the 
cathode, but to the effect of the current in orienting the animal with 
its anterior end toward the cathode, The animal then swims in that 
direction, but there is no reason why it should stop on arriving at the 
cathode, On coming to the latter, the animal is as it were left to itself, 
and can swim where it pleases, the slight current components behind 
the electrode being ineffective so far as the Parameecia are concerned. If 
the animals return into the space between the two electrodes, they are 
at once brought back as far as the cathode, then left to themselves 
again. Thus there is naturally produced finally an assemblage of Para- 
meecia behind the cathode. This may be very well demonstrated by 
performing the experiment in a long trough, with the cathode in the 
middle of the trough, the anode at one end, and all the Parameecia at 
first between the two electrodes. The Parameecia are soon all brought 
by the current into that half of the trough lying behind the cathode, 
where they swim about at random, paying no further attention to the 
electric current. If the experiment be performed with the cathode 
close to the wall of the vessel, so that only a small space is left behind 
the electrode, the Parameecia gather in a dense mass in this small 
space, Ifa rather weak current is used and this is long continued, the 
Parameecia_may settle themselves against the wall of the vessel, and 
remain there after the electric circuit is opened or the electrodes 
removed, in consequence of their positive chemotaxis toward the CO, 
produced in the dense assemblage. This experiment does not always 
succeed, as the electric current often produces such excitement in the 
Parameecia that on being released from its action they swim in every 
direction from the spot where they were collected. This is especially 
likely to happen if the gathering has lasted but a short time, so that 
little CO, has been produced. Moreover, if the gathering of Paramescia 
so formed lies near the upper surface of the water, the CO, may be 
dissipated as fast as it is produced, so that the Paramecia do not 
remain after the circuit is opened. 

Jensen (p. 438) has described the conduct of Parameecia when left 
in an upright open tube of water. They rise to the upper end of the 
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tube, on account of their negative geotaxis. But after a time they 
draw back from the surface, leaving first the small elevated columns of 
water about the margin of the concave upper surface, later sinking even 
lower, and presenting a clearly defined upper boundary, which they do 
not pass. (See the Figs. 1. m1. and Iv. of Jensen.) This phenomenon 
may likewise be explained by the escape of carbon dioxide from the 
upper layers of the water. The Paramccia sink and gather together 
until their own production of carbon dioxide suffices to supply the loss 
due to the escape of the gas from the upper surface of the water, 
remaining at the point where the charge of CO, is that to which they 
are most attracted. 

It was stated on page 265 that the method of testing the chemotaxis 
of Paramecium toward various substances by introducing capillary 
tubes containing the solution to be tested into a vessel containing 
many Parameecia and leaving them there for some time is unreliable. 
One reason for this is as follows. After some time the Paramecia may - 
occasionally be found to have gathered into tubes containing substances 
to which they are entirely indifferent, as for example, water of the 
same sort as that contained in the rest of the vessel: This is evidently 
due to the following. Certain Paramecia stray by chance into the tube 
and there of course produce CO,, which is prevented from diffusing. 
Others accidentally entering the mouth of the tube are attracted by 
this CO, and likewise remain. Thus the production of carbon dioxide 
increases till the gas perhaps begins finally to diffuse about the mouth 
of the tube. Thereupon this becomes the centre of attraction for other 
Parameecia, till at last all the animals in the dish are gathered in an 
assemblage about the mouth of the tube or within it. We may say 
then that the fact, taken by itself, that Parameecia gather in a certain 
region is no evidence that the region previously contained substances 
attractive to the animals. 

In general, it will be found that very many of the pheno- 
mena presented by the behaviour of Paramecia in fluids are 
explicable on taking into consideration the following factors; 
(1) the production of CO, by the Paramecia: (2) the positive 
chemotaxis of Paramecium toward CO, in a certain concen- 
tration: (3) the negative chemotaxis of Paramecium toward 
a higher concentration of CO, (much less important than the 
foregoing); (4) the diffusion and escape of CO, in the water. 
In all experimental studies on reaction to stimuli in Para- 
mecium, close attention to these factors is an absolute 
necessity, if reliable results are to be obtained. 
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The explanation of these phenomena as due to the positive chemo- 
taxis of the organisms toward carbon dioxide is of course a reversal of 
the reasoning commonly used, in which expianation is sought by 
assuming that organisms are always repelled by CO,. Such a reversal 
will doubtless be met with criticism and opposition on first thought. 


3. THIGMOTAXIS. 


It has. been shown above (p. 287 et seq.) that the chief cause of the 

gathering of Paramecia around a piece of paper or linen is the pro- 
duction of CO, by the Paramescia themselves and their positive chemo- 
taxis toward this substance. We must now investigate the exact part 
played by the solid body. 

Dewitz showed that a tendency to cling to and move along solids 
plays an important part in the life activities of the spermatozoa of the 
_ cockroach. A similar fact was made known by Massart (1888 anil 
1889 a) for the spermatozoa of the frog. Pfeffer (p. 618) observed 
collections of Glaucoma and other infusoria about bits of filter paper or 
other neutral solids, and referred these collections to the stimulus of 
contact. Verworn (1889, p. 90) introduced for this directive stimulus 
due to the action of contact the name Thigmotropism ; in accordance 
with the terminology used throughout this paper I shall employ the 
word thigmotaxis. Verworn (l.c.) pointed out in a general way that 
positive thigmotaxis plays a part in the movements of diatoms, oscil- 
laria, and hypotrichous infusoria, and that negative thigmotaxis was 
to be recognized in the sudden backward movements of Flagellates and 
Ciliates on striking solid objects, as well as in the retraction of the 
pseudopodia of rhizopods on being subjected to a mechanical stimulus. 
Loeb (1890) studied the stimulus produced by mechanical contact 
in a number of higher animals, and gave to the phenomena which he 
observed the name stereotropism. 

Any small object of character similar to filter paper acts equally 
well as the centre of a gathering of Paramecia. A piece of any other 
paper, a small bit of linen or other cloth fibre, a bit of sponge, etc., 
all have the same effect. Any of these substances may previously be 
boiled in the same fluid in which Parameecia are found, in order to 
remove all traces of oxygen, carbon-dioxide or any other soluble 
substance which might be contained within it; yet the effects are the 
same. The experiment may be performed with the Parameecia in 
hydrant water, in water from the culture jar, or in distilled water, 
without altering the result. 
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There can be no question therefore that the bit of paper or other 
body acts merely in virtue of its being a solid of a certain physical 
structure, and not in consequence of any chemical action, in deter- 
mining where a collection of Paramecia shall take place. 

The beginning of a collection about such a body, possessing as 
it does no influence at a distance, is made possible by the continuous 
motion of the Paramecia. If a preparation of Paramecia on a slide, 
containing in one spot a small bit of filter paper is closely observed, 
the Paramescia are seen at first to swim hither and thither in every 
direction, apparently without directive tendency of any sort. They 
swim now in a curved path, now in a straight one, sometimes about 
the margin, or again cutting across the middle. Soon a single indi- 
vidual strikes in its headlong course the bit of paper. It stops at once, 
often starts backward a slight distance, and whirls on its short axis 
two or three times, then settles against the bit of paper, and remains. 
Quickly another and another strike in the same way and remain. 
Now the excretion of CO, by the animals gathered together begins 
to take effect; the region becomes a strong centre of attraction, and 
in ten to fifteen minutes, and often less, the paper is surrounded by 
a dense swarm of Parameecia, containing a large majority of all those 
in the preparation. Of course only the beginning of the collection 
is to be considered due primarily to the reaction to solids; the 
remainder of the phenomenon comes under the head of chemotaxis. 

The habit which the Paramecia have of swimming swiftly hither 
and thither, often changing the direction of the course, is evidently 
essential to the occurrence of the thigmotactic effects. In the pre- 
ceding part of the paper it was shown to play likewise an important 
part in chemotaxis. The continual and rapid change of position of 
the body of the animals subjects them to many more stimuli than 
would otherwise fall to their lot, and brings every individual in a 
preparation in a comparatively short time into the region of influence 
of any stimulus the direct action of which is confined to only a 
limited area. 

Thigmotaxis alone is not capable of producing the dense assemblages 
of Parameecia above described. If a quantity of water containing Para- 
mcecia is placed in a flat-bottomed open dish, and a bit of filter paper 
or other similar solid introduced, the Paramecia commonly form no 
collection about it. If such a solid is watched with the microscope 
it will be found that the behaviour of a Paramecium on striking 
it by chance is at first exactly as toward the bit of paper under a cover- 


4 
z 
q 
Be 


300 H. 8. JENNINGS. 


glass. The Paramcecium applies itself to the paper and remains. But 
the CO, continually escapes, so the place does not form a chemotactic 
centre, and in a short time the Paramecium swims away. There is 
much chance in this matter, however: if other causes combine to 
make this particular region a centre for the Paramescia, then sufficient 
CO, is produced to supply the escape, aud the Parameecia do gather on 
the bit of paper. For example, this may be the case if the solid body 
lies in the bottom of a convex watch-glass (cp. p. 294). 

The Parameecia do not gather with equal avidity about solids of 
all sorts; the body must be of a certain type of physical structure to 
excite easily the thigmotactic reaction. Fibrous bodies, such as frayed 
filter paper, are especially effective. Materials composed of light 
particles have a similar effect; thus Parameecia quickly swarm upon a 
mass of powdered carmine when it is introduced beneath the cover-glass, 
Starch grains act in the same way. Also if saliva be mixed with the 
water, the Paramecia swarm about the remains of the dead cells 
contained in it, though to filtered saliva they are negatively chemo- 
tactic. Surfaces covered with a layer of sticky mucus-like material 
are likewise very effective; a bit of glass which has been dipped in 
saliva or white of egg is soon surrounded by the infusoria. This 
reaction is not due to positive chemotaxis, since if the Parameecia are 
tested with albumen or saliva alone, they are found to be indifferent 
or negatively chemotactic. It is not however a matter of mechanical 
fastening to the surface by being caught in the sticky substance. The 
Parameecia are entirely free in their motions, shifting their positions, 
leaving and returning and acting in all respects like the individuals 
gathered about fibrous or powdery bodies. 

To smooth hard bodies the Parameecia do not respond unless chemo- 
taxis is combined with thigmotaxis. Perfectly clean glass, stone, wood, 
and the like rarely become the seat of such swarms as above described. 

The tendency to gather about and settle upon solids is strikingly 
increased by the presence in the surrounding water of some substance 
to which the Paramescia are positively chemotactic. This is especially 
true when the water contains the proper amount of CO,. For example, 
as just stated the animals do not commonly tend to gather on smooth 
hard substances, such as the glass tubes generally used in my experi- 
ments for supporting the cover-glass. Suppose, however, that in the 
experiment with CO, shown in Figs, 13 to 15 (p. 289) the bubble of 
gas is situated close to one of the glass rollers used in supporting the 
cover. As the ring of Paramecia spreads out, it will at perhaps the 
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stage shown in Fig. 14 come in contact with the glass roller. There- 
upon the Paramescia in that part of the ring settle upon it. As all 
the Parameecia in the ring swim around the bubble in a circular path, 
soon almost all will have come in contact with the glass roller and may 
settle upon it, till there is nothing left of the ring of Parameecia except 
the spot where it was tangent to the glass roller. As the CO, continues 
to spread the circular area becomes larger, so that the glass roller cuts 
the circle in two points instead of being tangent to it. The Parameecia 
follow the circumference of the circle as it moves along the glass rod, 
the original simple group of attached Para-_ , 
moecia separating into two, which move Pe 
farther and farther apart along the rod as FH Ca 

the circle becomes larger. A stage in such a 

@ preparation is shown in Fig. 17. 

Within the area formed by the excre- | 
tion of CO, by the Parameecia (such as Fig. 17 
shown in Fig. 3), it can be observed that, even if no large solid body 
is present about which the Paramecia may gather, many of them will 
have their anterior ends applied to small particles in the water, or 
numbers of them are collected about roughened spots on the surface 
of the glass slide. The increased tendency to react to the contact 
stimulus in the presence of CO, is observable in many ways. 

The phenomena of thigmotaxis may be exhibited toward bodies 
of extraordinarily minute size. This is shown by such observations 
as the following. A single carmine grain, of not more than } the 
diameter of the short axis of a Paramcecium had become fastened by a 
minute fibre of some sort in such a way that it was movable, but could 
not be carried away from the region where it was anchored. Paramecia 
were numerous in the preparation, and occasionally one would strike 
with its anterior end against the grain of carmine. Thereupon it 
would stop with its anterior end applied to the grain, and begin to 
swing in a circle about the latter, pushing it hither and thither, but 
not being able to loose it from its moorings. This continued for a 
minute or more, the energetic ciliary motion nicely adjusted in such 
a way as not to destroy the contact with the grain. After a minute 
or two the Parameecium left the grain. Soon another individual struck 
it and the performance was repeated. Occasionally two or even three 
would gather about the grain at the same time, all swinging together in 
such nice adjustment that none were displaced. 

Very often one notices on a slide containing many of the infusoria 
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numerous small groups of Paramoscia, consisting of half-a-dozen indi- 
viduals, more or less, having their anterior ends applied together, and 
the whole group revolving and progressing like a colonial infusorian. 
I have examined carefully many such cases and have never failed to 
find at the centre of such a group a minute particle of some sort, 
against which the anterior ends of the Paramecia were pressed. Such 
observations show an extreme sensitiveness to contact in the anterior 
ends of the Paramescia. 

In a similar way it will often be observed that a Parameecium is 
carrying about, at its anterior end, a single minute grain of some 
substance. Under such circumstances the infusorian exhibits extremely 
characteristic motions (cp. p. 304). 


Position of the Animal and Motion of the Cilia in Thigmotasis. 

In the case of individuals gathered about a larger solid body, such 
as a bit of paper or a piece of decaying plant tissue, the anterior end 
is commonly applied to the surface of the solid, as just described in the 
case of minute granules, This is not by any means : 
always the case, however; almost any part of the resting 
individual may be applied to the solid. For example, in 
the case of fibrous bodies, the animal may often be seen 
to lie lengthwise along a fibre, touching it only on one 
side, while both ends are free (Fig. 18). In other cases 
a Paramcecium may lie crosswise to a fibre, or be touched 
in two different regions by different fibres. : 

There seems to exist a typical arrangement and 
motion of the cilia in individuals exhibiting thigmo- 
taxis, but this arrangement is not invariable, and a 
great variety of motions may occur in thigmotactic 
individuals. It will be important however to gain a Fig. 18 
conception of what this typical condition is, both for 
its own sake, and because of its significance for an understanding 
of the peculiar interference of thigmotaxis and electrotaxis, to be 
described below. 

For this purpose it is impossible to use the method employed by 
Ludloff for studying the motions of the cilia in electrotaxis,—the 
introduction of the animals into a thick gelatine solution. In such 
a solution they are not under normal conditions and do not respond 
to the contact stimulus, at least not in a pronounced and normal way. 
The motion of the cilia must therefore be observed under normal 
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conditions in ordinary water. Direct observation of the cilia in this 
way presents great difficulties: it can be used to a certain extent as 
a control for other methods, but the most satisfactory results may be 
obtained by observing the currents produced by the cilia, shown by the 
motion of particles in the surrounding water. As such particles the 
bacteria in the water in which the Parameecia live may be employed. 
‘The clearest results however are gained by the well-known method of 
introducing powdered carmine into the water. 

Using these methods we find the typical arrangement and motion 
of the Parameecia in thigmotactic individuals to be as follows: 

The cilia in that region which is applied to the solid body are 
entirely motionless, They are not pressed down against the body of 
the animal, but appear like minute straight stiff rods, attaching the 
Paramecium to the object (Fig. 18). Where the latter is very small, 
as a grain of carmiue, the few cilia touching it gain the appearance of 
stiff prehensile organs, used for holding the object. If the body is 
large and soft, as in the case of the decaying plant tissue commonly 
used as feeding grounds by the Parameecia, the anterior end is imbedded 
for a certain distance in the soft material, and the cilia in this whole 
imbedded region are stiff and quiet. 

In the oral groove the strong cilia are exceedingly sehen, all striking 
toward the mouth. Within the groove the cilia are therefore directed 
toward the rear, producing a strong backward current of the carmine 
particles, On the elevated edges of 
the groove the cilia strike inward, 
toward the middle of the groove, so as 
to drive particles into the current 
passing along the groove toward the 
mouth. Behind the mouth the strong 
current passing backward is stopped 
and turned outward, away from the 
animal. The result is the formation 
of a strong whirlpool on the oral side 
of the anterior half of the infusorian, 


as shown in Fig. 19. (Whether this Fig. 19 
strong motion of the oral cilia is to cat 
be considered in itself a reaction to Side view of Thigmotactic 

the contact stimulus, or whether these 

cilia move in the same manner in the free swimming animal I have 
not determined.) 


showing currents of water. 
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Over the remainder of the body of the animal the cilia are com- 
paratively quiet. They are not held stiffly immobile, as at the part 
in contact with the solid body, but may generally be seen to be 
quivering everywhere. Occasionally in one or the other part of the 
body the cilia are exercised energetically, changing the position 
of the animal, forcing it closer to the object or the like. In cases 
where several individuals are gathered about a single movable particle, 
as described earlier, the cilia covering the body (which may be dis- 
tinguished as locomotor cilia as compared to the oral cilia in the 
groove), must of course be in active co-ordinated motion. The 
characteristic effect of the contact stimulus on the locomotor cilia 
is to inhibit their motion: they may however respond to a certain 
extent to other stimuli, while in this condition, as will be shown 
in detail for the electric stimulus. 

As the locomotor cilia are thus comparatively still, they do not 
produce currents when the animal is quietly feeding ; the entire set of 
characteristic currents under this condition is due to the whirlpool — 
caused by the cilia of the oral groove. The water rushes in from all 
sides to join this whirlpool, so that the currents present an arrangement 
which is shown in side view in Fig. 19. From the anterior end and 
the aboral sidethe currents pass obliquely toward the mouth, and then 
to the rear, so that everywhere at the posterior end of the animal the 
currents are to the rear. This is modified in some cases, probably by 
the position of surrounding objects, in such a way that the currents at 
the posterior end form an arch, obliquely forward on the aboral side, 
obliquely backward on the oral side. Either of these arrangements 
is comprehensible as due to the presence of the whirlpool on the oral 
side of the anterior end. In the former case the water forming the 
currents which pass into the whirlpool from the aboral side comes 
more from the anterior end; in the latter case more transversely or 
partly from the posterior end,—the anterior region being blocked by 
the presence of a solid body. 

When the solid body inducing the ‘thigmotactic reaction is very 
small and movable, as in the case of a single carmine grain at the 
anterior end of the animal, the Paramoscium does not itself remain 
quiet, but moves in a peculiar manner. The creature moves partly 
forward, partly sideways, in such a way that it describes a circle, or 
rather, its two ends describe two concentric circles, the inner one 
being traced by the anterior end; the long axis of the infusorian 
always lying in a radius of the two circles. Reflection shows that 
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this motion is merely the resultant of the various directive impulses 
due to the motion of the cilia in the oral groove, as indicated in Fig. 19. 
The cilia beating strongly backward in the oral groove of course impel 
the animal forward. But as the active cilia are all on one side, there 
is also a tendency to move toward the opposite side. The resultant of 
these two motions at right angles to each other is a motion in the 
circumference of a circle. In fact, the animal moves forward in 
exactly the lines indicated by the arrows in Fig. 19, only of course 
in the opposite direction from the water currents. The ciliary motion 
is thus the same whether the thigmotactic animal is at rest or in 
motion: in the former case it is the water currents that move obliquely 
backward; in the latter case the animal moves on the same lines 
obliquely forward. The Parameecium is, as it were, whirled about in 
its own whirlpool. 

Summing up, we may say that under the influence of the 
contact stimulus the cilia of three regions of the body are 
affected in three different ways. The cilia which are in 
contact with the solid body are held stiff and immobile, at 
right angles to the surface of the animal. The cilia of the 
oral groove have a strong motion directed toward the mouth. 
Over the remainder of the body the cilia are quiet or quiver 
ineffectively. 


Interference of Thigmotaxis and Electrotawis. 


As described in the “Introductory Experiment” (page 260), after the 
Parameecia have gathered closely about the bit of decaying plant tissue 
or other solid, they no longer respond to the electric current. Before 
collecting about the bit of paper, the Parameecia respond to a current 
from five or six or even a less number of chromic acid cells. After 
they have collected on the solid, the same current seems not to affect 
them. Increase the current to 10 cells; 20 cells; the Paramescia still 
remain quietly against the bit of paper. When 30 cells are employed 
the current is so strong that sparks are obtained as the quicksilver key 
is closed, and it passes through a very thin layer of water containing the 
Parameecia, so that the intensity must be great. Still the Parameecia 
remain in place. Very slowly, however, the outermost Paramecia in 
the group may now be seen to loosen themselves and swim to the 
cathode,—especially if the direction of the current is reversed several 
times in succession. But many maintain their position for a long time. 
With a weaker current—say of 10 cells—the Parameecia retain their 
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position indefinitely, though under other circumstances they respond 
at once and strongly to such a current. 

We know from the work of Ludloff that the effect of the constant 
electric current upon Parameecium is due to its influence on the stroke 
of the cilia. At the side or end of the Paramecium which is directed 
toward the anode the cilia are so influenced that the effective stroke is 
to the rear, and urges the animal forward. On the cathode side or end 
the influence is such as to make the effective stroke of the cilia 
forward, thus urging the animal itself backward. The result is that if 
the animal lies in a position which is oblique to the direction of the 
current, it is at once turned by the action of the cilia above described, 
until it lies with its long axis in the direction of the current and its 
anterior end to the cathode. The animal then swims to the cathode as 
a result of the greater effectiveness of the backward stroke of the cilia 
on the posterior (anode) half of the body, as compared with that of the 
forward stroke on the anterior (cathode) half. (For details see the 
paper of Ludloff.) 

The key to the fact that thigmotactic Paramecia do not respond to 
the electric current must be looked for therefore in some change in the 
way that the cilia react to the electric stimulus. I have studied this 
reaction in the same manner as above described for the study of the 
ciliary motion in thigmotaxis alone. Carmine grains were introduced 
into a preparation of Paramecia in which the animals were gathered 
about some solid object, then tie currents of water produced by the 
motion of the cilia when the constant electric current was passed 
through the preparation were observed. For applying the unpolarisable 
electrodes to the preparation, the cover-glass was supported at each end 
either by pieces of filter-paper, or by disks of clay, as described by 
Lud loff. | 

The necessary observations require a great deal of time and patience, 
as individuals under exactly the required conditions are not easy to 
find. The Parameecium to be observed must of course lie .in the 
characteristic thigmotactic position, resting against some solid body. 
Furthermore, it must be a solitary individual, at some distance from 
others, in order that the currents produced by its cilia may not be 
interfered with by currents from other Paramecia. As the Paramecia 
tend to congregate, this condition is hard to find fulfilled. Then the — 
individual must lie either parallel with or transverse to the direction of 
the electric current, as obliquely lying individuals do not give clear 
results by the method of studying the currents. Having found such an 
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individual, it is next necessary to observe carefully the direction of the 
currents caused by the cilia before the electric circuit is closed, as well 
as to note which end or side is toward the future anode or cathode. 

We will take up first the case where the Paramecium lies with its 
long axis in the direction of the electric current, the anterior end to the 
anode, the posterior to the cathode. The anterior end of the animal is 
pressed against the piece of filter paper, and the currents of water are 
as shown in Fig. 19. As will be seen from this figure, in the commoner 
case the current is obliquely to the rear over the whole animal, and if 
the infusorian is seen in any but a side view this obliqueness disappears, 
the currents seeming to pass straight back. The position of the 
animal and direction of the currents may therefore be indicated by 
Fig. 20. 


Fig. 21 

If now the electric circuit be closed, with cathode and anode in the 
position shown, the current of particles is quickly reversed on the 
posterior half of the animal, but continues in the same direction on the 
anterior half. The result is shown in Fig. 21. 

If now the electric current is reversed, so that the cathode and 
anode change places, the direction of the stream of granules over the 
posterior half of the body is likewise reversed, passing again to the rear 
as at the beginning. The animal retains its position undisturbed, 
however ; or sometimes it swings into an oblique position, so that the 
effects are no longer clear. But often the reversal may be repeated a 
large number of times, the animal remaining in place. I will copy 
from my record two typical cases of this sort. 


(a) Parameecium as shown in fig. 20. With the electric circuit open the 
stream of particles is to the rear. Circuit closed with the posterior end to 
the cathode ; the stream of particles now passes forward on the posterior half 


Fig. 20 
Thigmotactic Paramecium, showing | 
direction of water currents with is + | 
electric circuit open. — 
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of the animal. Electric current reversed; stream of particles likewise re- 
versed, passing again to the rear. In 30 seconds the electric current was 
reversed 13 times, accompanied in every case by a reversal of the stream of 
granules, The circuit was then opened and the animal was observed 45 
seconds longer; no reversals occurred during this time. 

(6) Paramecium as in fig. 20. Electric current reversed 10 times in 20 
seconds, accompanied each time by a reversal of the stream of granules. Then 
the circuit was open for 30 seconds ; no reversal during this time. 


If however instead of reversing the electric current we allow the 
circuit to remain closed, with anode and cathode as shown in Fig. 21, 
we find that the current of granules over the posterior half of the 
animal does not continue to pass forward, as in Fig. 21, but in a few 
seconds the currents begin to flow again in their original direction (Fig. 
20). The electric circuit remaining continuously closed, in a few 
seconds there is another reversal of the current at the posterior end 
(Fig. 21), lasting but an instant, then a return to the original direction. 
Then another reversal ; another return, and so it continues indefinitely. 
A few extracts from my notes, records of actual cases observed, will 
bring out the conditions and limitations of this phenomenon. The 
position of the animal was in every case as shown in Fig. 20. A 
“reversal” signifies a period when the cilia strike forward over the 
posterior half of the body. 


(c) The animal was watched 40 seconds continuously, with open 
circuit ; during this time the stream of granules was always to the rear. 
Circuit closed ; current of particles at the posterior end reversed, then returned 
to the original direction. Circuit remained closed 25 seconds, during which 
time there were seven such reversals, at intervals of 2 to 5 seconds. The 
reversals became more frequent in the latter part of the period ; the animal 
became restive, swung back and forth, till finally it swung entirely out of its 
position and was not observed farther. 

(d) Six reversals of the current of granules in 15 seconds with closed 
circuit, 

(e) With circuit open, no reversals in 45 seconds. Circuit closed ; three 
reversals in 60 seconds. 

(/) Circuit closed’; six reversals in 18 seconds; circuit opened, no 
reversals in 12 seconds. 

(g) Circuit closed for 60 seconds; nine reversals at nearly equal 
intervals. Each reversal commonly lasted but an instant; sometimes how- 
ever 4 or 5 seconds. 

(kA) Circuit closed 30 seconds; 10 reversals, 


| 


REACTIONS OF CILIATE INFUSORIA. 309 


(¢) Cirenit closed ; no reversals for 15 seconds; then six at intervals of 
about three seconds; then no more for 30 seconds. Observations interrupted. 

(j) Cireuit open for 30 seconds; no reversals. Closed 90 seconds; 8 
reversals, Circuit continues closed 60 seconds longer, but no more reversals 
occur. 

(k) Circuit closed 28 seconds ; 18 reversals in this period. 


From the above it appears— 


(1) That the current of granules, originally toward the posterior 
end in thigmotactic individuals, is reversed at the cathode end when 
the animal is subjected to the electric current with the cathode at the 
posterior end ; 

(2) That the reversal does not last, but the current produced by 
the cilia quickly returns to its original direction, even when the electric 
circuit remains closed. 

(3) That the length of time which the reversal lasts varies from an 
instant to several seconds. 

(4) That the interval of time between the reversals varies from a 
fraction of a second (case &) to 20 or more seconds (case e). 

(5) That in some cases the electric circuit may remain closed a 
considerable time without causing any reversals (cases + and )). 

(6) That sometimes the first reversal does not occur till some 
seconds after the circuit is closed (case 7). This is often true. 

I may add— 

(7) That cases occur, though rarely, where the ordinary current 
used (10 cells) causes no reversals at all. In other cases, while no 
actual reversals of the currents of particles occur, sudden and repeated 
stoppages indicate the effect of the electric stimulus. 

In Paramecia occupying the positions shown in Fig. 20 no change 
was observed in the currents of granules over the anterior half oi’ the 
animal when the electric circuit was closed. 

If the Parameecium lies in a position the reverse of that shown in 
Fig. 20—that is, if its anterior end is to the cathode, the posterior to 
the anode—the effect of the electric current on the stream of granules 
is not so noticeable as in the foregoing case. If the stream of granules 
over the posterior half of the animal (anode end) is already toward the 
rear when the circuit is open, closing the circuit simply increases the 
strength and rapidity of the current. In the few cases where the 
current of granules is obliquely forward at the posterior end of the 
animal when the circuit is open, closing the circuit with the anode at 
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the posterior end causes a reversal of this current—the granules passing 
to the rear. This case—the posterior end of the animal to the anode— 
is much more difficult to study than the opposite one, because the 
animals generally swing quickly into another position when the circuit 
is closed. At the anterior end (toward the cathode) commonly no 
change is visible. In a few cases, by direct observation of the cilia, 
they seemed to take a position such as to be directed a little more 
forward, as would be expected from Ludloff’s results. In other cases 
however precisely the reverse change seemed to take place. But it is 
only natural that the results here should not be clear, when one 
considers the effect of the motion of the cilia over the posterior half 
of the body. The strong backward current of particles in this region 
produced by the closing of the circuit corresponds of course to a strong 
tendency to push the animal itself forward. As the anterior end is 
generally partly imbedded in the soft mass of decaying plant tissue, the 
forward push from behind tends naturally to bend the anterior cilia 
backward. Hence the variation in the observation, due to the varying 
ratio of the effects produced by the current itself (inclining the cilia 
forward, according to Ludloff) and the push from behind (inclining 
the cilia backward). The effect of the electric current on the posterior 
half of the body is clear; on the anterior half (by this method of study) 
it is not. 

The third case which calls for discussion is that in which the animal 
lies transversely to the direction of the current. Suppose the current of 
particles is everywhere to the rear when the circuit is open. The circuit 
is now closed with anode and cathode on opposite sides of the animal. 
Immediately there is a reversal of the stream of granules on the 
cathode side, the granules here passing forward, while on the anode 
side it continues backward as before. The currents under this condition 
are shown in Fig. 22. If now the electric ine Sth Bab 
current is reversed, the streams of granules on 
both sides of the animal are reversed—passing 
backward on the previously cathode side (now ae ee 
turned toward the anode), and forward on the ig 29 
previously anode side (now turned to the + 
cathode). The change in the direction of the motion of the cilia 
naturally produces some change in the position of the body of the 
infusorian, the animal swinging on its fixed anterior end as a pivot a 
certain distance towards the cathode. Therefore as the electric current 
is successively reversed, the animal oscillates back and forth. 
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Some examples may be given of the phenomena described. 


(2) Paramecium with the left side to the cathode; stream of particles on 
both sides to the rear when the circuit is open. Electric circuit closed ; 
_ stream on left side now forward. Circuit open; stream on both sides again 
to the rear. Circuit closed three times in succession, each time producing a 
reversal on the cathode side. 

(m) Animal transverse to the electric current, with the stream of 
granules on both sides to the rear. Circuit (30 cells) closed; stream of 
granules reversed on the cathode side, passing forward, and the animal 
swings toward the cathode. Electric current reversed; stream of granules 
on both sides reversed, and the animal swings in the opposite direction— 
toward the new cathode. Reversal repeated 25 times, always with the same 
result. The animal does not leave its place. 


If the circuit remains closed after having caused a reversal of the at 
first backward stream of granules on the cathode side, in a few seconds 
the stream of granules returns to its original direction. The circuit 
remaining closed, the stream of particles is again reversed on the cathode 
side after a short interval. These oscillations continue, exactly as 
described in detail for the case in which the posterior end is directed 
to the cathode,—except that in the transverse position it is only one 
side which shows the repeated reversals—the stream of granules remain- _ 
ing always directed to the rear on the anode side. 

In interpreting these results we must keep in mind the normal motion 
of the cilia in thigmotactic individuals. As described previously, in such 
animals the oral cilia strike strongly backward, while the locomotor cilia 
show merely an ineffective quivering. The reversal of the current on 
the cathode half of the body indicates thus that the locomotor cilia of 
this half are suddenly set in motion, such that they strike forward. It 
does not imply however a reversal of a previous motion of these cilia. 
The conflict-between the two stimuli is therefore to be expressed as 
follows. The contact stimulus tends to keep the locomotor cilia at rest ; 
the electric stimulus to set them into strong motion—directed forward 
at the cathode side or end; backward at the anode side or end. 
Whether the electric stimulus has an effect on the oral cilia also is 
not determined by these observations. 

In summing up, we may say: 

1. (a) On the anode end or side the effect of the constant electric 
current is to drive the stream of particles to the rear. The cilia are so 
affected as to make the backward stroke stronger. 
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(b) On the cathode end or side the effect of the constant electric 
current is to drive the stream of granules forward. The cilia are so 
affected that the forward stroke is made stronger. 

For the anterior end these phenomena were not determinable by 
the method used, but the results were clear for the other parts of the 
body. 

The results are thus (omitting from consideration the undetermined 
point just mentioned) a confirmation of Ludloff’s results. I have 
thought it worth while to emphasize them, as they were gained by 
a different method from that used by Ludloff. 

2. A struggle takes place between the contact stimulus and the 
stimulus of the constant electric current. The characteristic arrangement 
of the locomotor cilia in thigmotaxis is overcome by the electric current 
for an instant, then the contact stimulus resumes its sway; then the 
electric; and thus the oscillations continue. The two stimuli do not 
unite and give a resultant reaction; the cilia seem to react at a given 
time to one or the other alone. With the ordinary electric current that 
_ suffices easily to direct the free swimming Parameecia to the cathode, 
the contact stimulus shows itself the stronger and the infusoria do not 
swim to the cathode, but remain in contact with the solid body. With 
a very strong current (30 small chromic acid cells newly filled), the 
action of the electric current is very powerful ; the reversals in direction 
of the water currents and the accompanying changes in position of the 
Parameecia become convulsive in character. One by one the Paramecia 
loosen trom their position and swim to the cathode. There are very 
great individual differences in regard to this; some few individuals 
retained their position on the bit of filter paper in spite of the strongest 
current I could produce with the battery at my disposal. But the great 
majority may be forced by such a current to finally leave the solid body 
and swim to the cathode. 

I do not feel prepared at present to enter upon a discussion of the 
significance of "this struggle between two stimuli. Probably the pheno- 
mena here described may find explanation from some simple point of 
view when the precise naturé of reactions to stimuli in unicellular 
organisms is better understood, and especially if the essential nature of 
the effects of the electric stimulus become better known. 
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4. PART PLAYED BY THESE REACTIONS IN THE NORMAL LIFE 
OF PARAMECIUM. 


Examination of the distribution and conduct of the Parameecia in an 
ordinary culture jar indicates that three stimuli play the chief rdéles in 
the daily activities of these infusoria, These are (1) negative geotaxis, 
(2) positive thigmotaxis, (3) positive chemotaxis toward CO,,. 

The effect of negative geotamis is at once evident in the presence of 
all the Parameecia in the upper part of the water. The geotaxis of 
Parameecium has been minutely studied by Jensen, so that no discus- 
sion is necessary here. 

That thigmotawis plays an important part in the daily life of the 
infusoria is shown by the fact that the large majority of them will 
generally be found clinging to some solid body. A large number are 
attached to the decaying plant tissue just below the surface of the 
water. As we have seen, there is no evidence that this material in 
itself exercises a chemical attraction for the Parameecia, and they gather 
in exactly the same manner on entirely neutral substances. A second 
very large portion of the infusoria are gathered in a narrow band on the 
glass wall of the jar, not far below the upper surface of the water; here 
of course an active chemical action of the substratum is out of the 
question. The action of the cilia in thigmotactic individuals is, as we 
have seen, such as to tend to bring food into the mouth. 

The réle played by positive chemotaxis towards CQ, in the con- 
duct of Parameecia under various circumstances has already been eluci- 
_ dated in a considerable number of examples (p. 290). In the culture 
jars the effect of this reaction is seen in the collecting together of the in- 
fusoria into dense assemblages. For example, the thigmotactic Paramecia, 
above described are not scattered here and there over the surface of the 
glass, but are gathered in a close band, not far below the upper surface 
of the water. The exact level at which this assemblage takes place is 
determined chiefly by the rapidity of the escape of CO, from the water 
surface. The Paramecia tend of course to rise as high as possible, 
owing to their negative geotaxis. But close to the surface the carbon 
dioxide escapes so fast that the Paramoscia sink lower and remain at a 
level where the CO, produced by themselves reaches a concentration to 
which they are attracted. The same is true of the infusoria gathered 
on the decaying plant tissue. Moreover, even at the level where the 
gathering is formed, the Paramecia are not collected in all parts in like 
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numbers. Here and there dense assemblages, where the animals are 
gathered literally into masses, are found ; these are due to the crowding 
together of the Paramecia, owing to their positive chemotaxis toward 
the CO, produced in such a gathering. 

Other reactions seem to play a less important part in the life 
activities of Paramecium. Thermotawis is sometimes noticed in the 
collecting of the animals on the warmer side of the jar; in my cultures 
however this reaction seemed to come rather rarely into play. It is 
probable that in thé case of Paramecia subjected to great variations in 
temperature, as may sometimes occur under natural condition, thermo- 
taxis plays an important réle. lectrotawis is of course unknown in the 
normal life of Paramecium. Positive chemotaxis toward other sub- 
stances than carbon dioxide seems to have no important place in the 
normal life activities of the animal, and negative chemotaxis is scarcely 
to be observed under natural conditions. The three reactions first 
discussed seem to be the chief determining factors in the life activities 
of Paramcecium. 


5. GENERAL Discussion. 


The present paper is to be considered as merely the first of a series 
the purpose of which is to contribute to the knowledge of the essential 
nature of reactions to stimuli in single-celled organisms, and especially 
to investigate the relations of the phenomena studied to morphogenesis. 
It is hoped that at the end of the investigation thus begun some 
general conclusions of value may be presented, but it does not enter 
into the plan of this first contribution to discuss at length the broad 
general problems which this field of work offers. Certain phenomena 
above described which have a definite bearing upon some of these 
general problems may however here be emphasized. 

All the reactions studied in the foregoing investigation are ex- 
pressed by some change in the motions of the cilia. Before therefore 
conclusions as to the nature of these reactions can be gained, the exact 
changes in the motion of the cilia, and the precise relation of these 
changes to the stimulus causing them must be determined. For 
Parameecium the only reaction which may be said to have been studied 
in this manner is electrotaxis, as presented in the work of Ludloff. A 
similar method must be followed for other stimuli before satisfactory 
general conclusions can be gained. An investigation carried out on 
these lines would have such questicns as the following to answer :— 
How do the cilia react to localized stimuli? For example, does the 
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same stimulus produce the same result whether applied to the anterior 
end, the posterior end, or the sides of the animal? Are these charac- 
teristic reactions for the different sorts of stimuli—as for different 
chemical reagents, and what are these reactions? If the stimulus is 
continued, do the reactions change? What differences are there 
between reactions to sudden and to gradual stimuli? Is there any 
single characteristic reaction to all very strong stimuli? 

For determinations of these questions three methods may be used ; 
observation of the motion of the animal’s body, observation of the 
currents caused by the motion of the cilia, and direct observation of the 
motion of the cilia, under the influence of the proper stimuli. All these 
methods together would doubtless be necessary for accurate results in 
all points. In the foregoing investigation only the two first were used 
to any extent, and of course no attempt was made to answer all the 
above questions, yet some results were gained which would take their 
place in a systematic investigation of the sort above suggested. 

For the contact stimulus, a characteristic position and motion of the 
cilia was demonstrated. According to the results gained in this field, 
we must distinguish in Paramecium two different systems of cilia, 
whose reactions must be studied separately: these are the oral cilia, 
which lie in the oral groove, and the locomotor cilia, covering the rest of 
the body. The oral cilia were shown to have in thigmotaxis a definite 
method of action, resulting in well-characterized currents of water or 
motions of the animal’s body. In the case of the locomotor cilia it is 
necessary to distinguish those which are in direct contact with the solid 
body, and those which are free. The former are held stiff, straight and 
immobile; the latter keep up an ineffective quivering. The ciliary 
motion when the animal was acted upon at the same time by a contact 
stimulus and the electric stimulus was also studied, and shown to 
consist in an alternate prevalence of the reaction due to each of the 
two stimuli taken separately. The two stimuli do not combine to 
produce a reaction which is the resultant of the two influences, but 
they alternate in controlling the motion of the locomotor cilia. The 
observations on the reaction to the contact stimulus show the ex- 
ceedingly complex character of reactions, even in a unicellular organism. 
A single stimulus produces three different results in three different 
regions of the body. A renewed investigation both of electrotaxis alone 
and of its combination with thigmotaxis, with relation to the precise 
action of the oral cilia, as distinguished from the others, might bring 
out some new relations of value for our analysis. The division of the 
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body of the infusorian into two ends and an intermediate surface or 
“sides” is evidently entirely inadequate for an exact analysis of the 
reactions of the cilia; it is quite possible that other regions beside the 
oral groove will be found to take a separate position. 

For chemical stimuli definite results were gained on certain of the 
questions above proposed. We will here leave out of consideration the 
question whether the Paramecia gather about a source of stimulus or 
flee from it; such activities are too complex to give precise results as 
to the motion of the cilia. We will discuss here only such activities as 
indicate exactly the motion of the cilia causing them. 

When the anterior end of an animal swimming forward comes in 
contact with a strong chemical stimulus, the reaction takes the form of a 
reversal of the effective motion of the cilia; the forward stroke becomes 
strongest, driving the animal backward. The strength and duration of 
the reaction bear a clear relation to the strength and quality of the 
stimulus. A weak stimulus causes only such a reversal as drives the 
animal backward but a fraction of its own length, while if the infusorian 
comes in contact in the same manner with a drop of strong acid it darts 
backward a long distance—twenty times its own length or more. It 
appears that this form of reaction is not characteristic for any particular 
kind of stimulus; a similar (though weak) darting back is observed when 
the infusorian strikes a mechanical hindrance. It is probable that any 
strong stimulus acting upon the anterior end of the animal causes the 
cilia to strike suddenly forward, thus forcing the animal backward. 

The same effect is often produced if a sudden strong stimulus acts 
upon the animal from all directions at once,—that is, if the stimulus is 
not localized at all. Thus if the Paramescia are suddenly dropped into 
a solution of some chemical which affects them strongly but does not at 
once kill them they begin at once to swim backward. The same is true 
if they are introduced suddenly into a chemically indifferent solution 
having a strong osmotic action, as into a solution of sugar or glycerine. 
Sudden introduction into water heated to 34°C. has the same effect. 

For studying the nature of reactions due to a stimulus acting upon 
some definitely localized region of the body, other than the anterior end, 
other methods will have to be used, and the investigation will doubtless 
be accompanied with great difficulties. For the case of a stimulus acting 
upon one side, from which the Parameecia turn away, as for alkalies and 
many other substances, three possible reactions suggest themselves. 
(1) The cilia on the side touched may have their effective backward 
stroke increased in power. This would turn the animal away from the 
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source of stimulus, but gvould at the same time urge the animal slightly 
forward. (2) The cilia on the side opposite the source of stimulus may 
have their effective stroke reversed, so as to strike most strongly forward. 
This would turn the animal away from the source of stimulus, and tend 
at the same time to drive it backward; it would therefore be apparently 
a more advantageous form of reaction than the foregoing, in the case of 
a strong and injurious stimulus, (3) There may be some combination 
of these two methods of reaction. 

Similar considerations apply to the case of a one-sided stimulus to 
which the animals are positive. After these problems have been 
thoroughly worked out it will be possible to compare them with 
the reaction to the electric current described by Ludloff, and thus 
to gain some basis for a judgment in regard to a possible relation of 
the electric stimulus to the chemical effects of the constant current,— 
such as is suggested by Loeb and Budget. 

Passing to a slightly different aspect of the subject, a peculiarity of 
the manner of reaction of Paramcecium to chemical substances may 
here be emphasized. The animal seems to respond only when there 
is a distinct and sudden change in the chemical nature of the medium. 
If a drop of some attractive substance is introduced into the centre of a 
preparation containing Parameecia, they do not swim in straight radial 
lines to the drop as a centre. On the contrary, the course of the indi- 
vidual is apparently not modified in the least until an animal strikes in 
its random course the margin of the diffusing drop; then the charac- 
teristic reaction takes place. Furthermore, the collection of Paramecia 
in a region containing an attractive substance gives the impression of 
being due rather to a negative taxis to the surrounding fluid, after 
having entered the attractive solution. The Paramecium often swims 
into the drop of attractive substance without showing any indication of 
stimulation, but as it attempts to pass out on the other side a strong 
negative stimulus occurs; the cilia are wholly or partly reversed, and 
the animal remains in the drop. 

Turning now to questions of a different character, we may ask what 
is the bearing of the fact that Paramecium is negatively chemotactic to 
the water in which it lives? As I have shown, the water containing 
decaying vegetable material, in which the infusoria live and thrive, has 
an alkaline reaction, and the general rule that Parameecia are negatively 
chemotactic to alkaline fluids suffers no exception in this case, The 
negative chemotaxis toward this fluid is shown by the avidity with 
which Parameecia immersed in it gather into a drop of neutral fluid, 
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such as distilled water or sugar solution, as well as by the fact that 
Parameecia already in a neutral solution avoid without exception a drop 
of water from the culture jar. What relation has this to the subject of 
acclimatization or adaptation to the environment ? 

It seems to me that we are driven to the simple conclusion that 
negative or positive taxis is not a test of adaptation. It cannot be 
doubted that the Parameecia are thoroughly acclimatized to the solution 
in which they live. Here they thrive and multiply immensely. Yet 
they are strongly negatively chemotactic to this same solution. 

A related problem is presented by the strong positive chemotaxis 
of Parameecium toward carbon dioxide. This reaction plays a most 
important part in the life of the organism ; in fact I believe that it is 
not too much to say that it is the chief directive influence affecting 
Paramecium. Yet we know that carbon dioxide is decidedly injurious 
to most animal protoplasm, and Loeb and Hardesty have shown that 
it is a positive poison for this same infusorian Paramcecium,—acting in 
virtue of its own chemical properties and not merely through its taking 
the place of the necessary oxygen. 

Doubtless other protozoa will be found that are attracted by CO,. 
This is rendered especially probable for certain infusoria by the 
observations of Pfeffer, already referred to. Pfeffer (p. 618) observed 
such collections of individuals as are described in this paper for 
Parameecium, in the case of Glaucoma scintillans, Colpidium colpoda, 
Stylonychia mytilus, and in Paramecium itself. As I have tried 
to show on p. 294, the collections in all these cases are probably due 
to the same cause as in Parameecium—positive chemotaxis toward the 
excreted carbon dioxide. 

We must not forget however that Paramecium is repelled by a 
concentration of CO, that is strong enough to be injurious. This would 
seem to make it probable that such solutions of CO, as are attractive, 
are so because they are beneficial. That carbon dioxide should serve 
any beneficial purpose in the animal cell seems however on general 
grounds highly improbable, and ‘this improbability is increased by the 
fact that the CO, by which the Parameecia are attracted is excreted by 
the Paramecia themselves. It seems exceedingly paradoxical that an 
organism should excrete a substance to which it is strongly attracted. 
Yet this is undoubtedly the case. The paradox seems almost to rise to 
an absurdity however if it is held that the animals are attracted to this 
excreted substance because they need it; in that case why should it have 
been excreted ? 
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It is perhaps comprehensible that an organism should sometimes be 
attracted by an injurious substance with which it normally never comes 
in contact. One might hold in such a case that the reaction toward 
this substance has never been determined by natural selection or 
otherwise; the organism might therefore react to this in the same way 
as toward some other substance having a somewhat similar action, but 
uninjurious, with which the animal has previously come into relation. 
Such a reaction might perhaps be called a mistake on.the part of the 
organism, due to the similarity of two substances, one beneficial, the 
other injurious, In other words, the protoplasm has never become so 
differentiated as to give a different reaction with these two substances. 
It is of course a well-known fact, brought out in Pfeffer’s researches, 
that organisms are often attracted by substances with which in a state 
of nature they never come in contact, these substances having a 
chemical similarity to certain others which form a customary means of 
attraction. Thus, it is known that potassium chloride is strongly 
attractive to certain bacteria and doubtless plays an important part in 
their life activities. These same bacteria may be likewise attracted by 
the closely related substance rubidium chloride, though under normal 
circumstances they undoubtedly never come in contact with this. 

But any such explanation is of course entirely excluded in the case 
of carbon dioxide—a substance with which the Parameecia are con- 
tinuously in contact, in one way or another, especially as the reaction 
due to it plays such an important part in the life activities of the 
animal. The possibility occurs to one that the positive chemotaxis 
toward CO, may have some relation to the organisms upon which 
Paramecium feeds—the bacteria of decaying vegetable material. 
There seems however to be nothing known to suggest this possibility. 
The evident result of the positive chemotaxis of Paramecium toward 
CO, is the gathering together of the infusoria into dense collections, 
but what purpose is served by these collections does not appear. 

The attraction of Paramecia toward self-excreted CO, seems to 
throw light on a general question proposed by Pfeffer; namely, 
whether it is necessary, in order that a substance should act as an 
attractive stimulus, that it should be taken into the organism. As the 
CO, in the water was first produced within the Parameecia, and acts as 
a stimulus after it has been given off to the outside, it appears that the 
stimulus must be an external one; Pfeffer’s question, in accordance 
with this, is to be answered in the negative. 
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6. SUMMARY. 


1. Paramecium aurelia is strongly positively chemotactic to a 
solution of carbon diowide in water. 

Carbon dioxide is excreted by the Parameecia in quantities sufficient 
to be detected with proper reagents. By this excreted CO, the 
infusoria are attracted; hence they tend to gather into dense groups. 
This positive chemotaxis to the carbon dioxide excreted by themselves 
plays a very large part in the normal activities of Paramescia. 

2. Paramecium is also positively chemotactic toward all weak 


acids and all solutions having an acid reaction, so far as tested. 


Toward strong solutions of all acids, including CO,, the infusoria are 
negatively chemotactic. 

3. Paramecium aurelia is negatively chemotactic to the fluid 
(water containing decaying vegetable matter) in which it lives and 
thrives. This fluid has an alkaline reaction. Paramecium is likewise 
negatively chemotactic, so far as tested, to all solutions having an 
alkaline reaction. It is also negatively chemotactic to certain neutral 
salts and organic compounds. 

4. Toward certain organic substances, as sugars, glycerine, urea, 
Paramecium is entirely indifferent, so far as chemical properties are 
concerned. 

5. Parameecia which are collected in a drop of a solution to which 
they are positively chemotactic, show a modified reaction to the 
constant electric current. They swim toward the cathode till the 
boundary of the drop of solution to which they are positively chemo- 
tactic is reached, but cannot be forced past this boundary into the 
surrounding water, except by a very powerful and long-continued 
electric current. 

6. Tonotawis, the directive stimulus due to a change of osmotic 
pressure, acts only within wide limits, so that for most solutions it does 
not come into action at all, the chemical qualities of the solution 
determining the conduct of the Parameecia long before the limit at 
which tonotaxis becomes effective is reached. While great variation in 
osmotic pressure does act as a stimulus, this stimulus is not of sufficient 
strength and definiteness to prevent the infusoria from swimming into 
solutions of such osmotic power that they are quickly killed. Tonotaxis 
therefore plays no important part in the life activities of Paramcecium. 

7. Paramcecium responds in a characteristic way to the stimulus of 
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contact with solid bodies. This reaction consists of the following 
factors; (1) the Paramecium places itself against the solid body 
(positive thigmotaxis), the cilia which are in actual contact with it 
being held straight, stiff and immovable; (2) the oral cilia have a 
strong and characteristic motion; (3) the locomotor cilia are nearly at 
rest, merely quivering ineffectively. 

8. If through a preparation containing Parameecia exhibiting the 
thigmotactic reaction a constant electric current is passed, the Para- 
meecia do not swim. to the cathode, as under other circumstances, but 
remain in contact with the solid body. 

Exact observation shows that under such circumstances the two 
stimuli alternate in controlling the locomotor cilia. On the cathode 
side or end the cilia are so affected by the electric current that the 
effective stroke is forward (as described by Ludloff), thus driving the 
water currents in the opposite direction from that which they have 
under the thigmotactic stimulus alone. But this reversal lasts but an 
instant; then the thigmotactic stimulus resumes its sway and the water 
currents again pass backward. The electric circuit remaining closed, 
another reversal takes place in a few seconds, then another return 
to the original direction, and this alternation of reactions may be 
repeated many times. 

Yy. The reactions which play the chief part in the normal life of 


Paramecium are negative geotawis, positive thigmotaxis, and positive 
chemotaxis toward carbon diowide. 


The foregoing work was done in the Physiological Institute of the 
University of Jena, during the winter semester of 1896-97. It gives 
me pleasure to acknowledge here my great obligation to Prof. M. 
Verworn for much valued counsel and assistance throughout the work. 
I wish to express my thanks also to the Director of the Institute, Prof. 
Biedermann, for placing at my disposal in the most obliging manner 
the space and resources of the laboratory. 


Jena, March 2, 1897. 
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THE INFLUENCE OF THE FORCE OF GRAVITY ON 
THE CIRCULATION. - PART II.' Br LEONARD 
HILL, M.B. Grocers’ Research Scholar, Lecturer on Physiology, 
anp HAROLD BARNARD, MS., F.R.CS., Demonstrator of 
Physiology, London Hospital Medical College. 


Section I. THE ACTION OF THE RESPIRATORY PUMP. 
Section Il. THE ESCAPE OF THE HEART FROM 
VAGAL ARREST. Section III. THE MEAN PRES- 
SURE OF THE VASCULAR SYSTEM. (Sixteen Figures 
in Text.) 


THE physiology of the circulation has hitherto been almost entirely 
studied in animals placed for convenience of work in the horizontal 
position. The physiologist has either not discussed the effect of posture 
at all, or has rested content with the supposition that the vascular 
tubes form a system similar in nature to a syphon. According to the 
principle of the syphon the return of blood in the erect posture to the 
heart should be aided just so much as the progression from the heart is 
opposed, while at the same time the progression of blood to the 
abdomen should be aided by so much as the return to the heart is 
opposed. This doctrine is entirely fallacious, since the principle of the 
-syphon is not applicable to the vascular system in which the arteries on 
the one hand and the veins on the other are of so very different 
distensibility and elasticity. 

The circulation can be likened to a sheooont The cerebral circula- 
tion forms one circuit, and the splanchnic area another. The current 
varies inversely with the resistance. In the splanchnic circuit very 
great resistances can be thrown in by means of the vaso-constrictor 
mechanism. If the animal be placed in the vertical feet-down posture, 
and the resistance in the splanchnic area be great, the circulation will 
continue through the head, but should the resistance be reduced to a — 
minimum, the hydrostatic pressure will distend the splanchnic area to 


For Part I. see Hill, This Journal, xvm, p. 15. 1895. 
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such an extent that the whole blood collects within the capacious 
venous reservoirs of the abdomen, and the current through the bigh 
resistance circuit ceases. This is the result which one of us (Hill) 
witnessed in the dog when the spinal cord was divided at the level of 
the first dorsal vertebra, and the animal was dropped into the vertical 
feet-down posture. 

Section of the spinal cord at this level not only abolishes the vaso- 


. motor tone or the resistance of the great splanchnic area, but it likewise 


abolishes the action of the thoracic and abdominal respiratory muscles. 
The diaphragm alone is left in action, while the muscular tone of the 
abdominal wall is lost. Inthe former paper it was insisted that the 


loss of vaso-motor tone is the most important factor in the causation 


of the above result. It was maintained that the vaso-motor centre and 
the powerful splanchnic vaso-constrictor mechanism formed the chief 
compensatory agency by which the hydrostatic effect was met and 
balanced. In the present paper the action of the respiratory pump will 
be especially discussed. It will be shown by a series of experiments 
that this mechanism forms a second line of defence against the influence 
of the force of gravity in conditions where the vaso-motor mechanism is 
weakened or paralysed. 

The magnitude in any particular case of the hydrostatic effect of 
gravity depends not on the nature of the animal, but on the length of 
its body. Thus while the effects are the same in sign in cats, monkeys, 
rabbits, and dogs, they are far the most marked in the long-bodied dog. 
Since man is a much longer-bidied animal than the dog, we have every 
right to assume that the effects will be extremely well marked in him, 
and this assumption is amply confirmed by clinical observations. 

In a man six feet high the hydrostatic pressure of a column of 
blood reaching from the vertex to the sole of the feet equals about 
140 mm. Hg, and from the vertex to the middle of the abdomen about 
50 mm. Hg, 

In discussing the influence of gravity on the circulation the follow- 
ing anatomical points must be borne in mind. 

1. A column of venous blood unbroken by any valve extends from 
the intercranial sinuses, down the intravertebral sinuses of the azygos 
veins to the end of the inferior vena cava. 

2. An unbroken column of venous blood extends from the innomi- 
nate veins to the end of the inferior vena cava. The competency of the 
valves within the internal jugular vein is questionable. 

3. The orifices of the venz cave are so arranged that the blood i in 
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the ior vena cava falls into the right ventricle, and not down the 
vena cava. 

4. The inferior vena cava is protected from the weight of the liver 
and abdominal organs by the spigelian lobe of the liver, which resting 
against the vertebral column forms a tunnel for the passage of this 
vein. 


5. The orifices of the capacious hepatic veins point directly towards 
the heart and the blood can congest ditectly backwards into the 
reservoirs of the liver. 

6. The capacious abdominal veins are pappenteil by the abdominal 
wall, which forms a muscular sphere. The tone of the muscular wall 
depends on the respiratory centre. The parietal layer of the peritoneum 
is an extremely extensile and elastic membrane. 

The purpose of our experiments is to prove that 

(1) By the support of the abdominal wall the distension of the 
veins under the hydrostatic stress of gravity is largely prevented. 

(2) By expiratory contractions of the abdominal muscles, the 
hepatic and other veins within the abdomen can be compressed, and the 
right heart filled with blood. 

(3) So long as the vaso-motor mechanism is intact, the splanchnic 
area forms the resistance box to the circulation, and the effect of gravity 
is of no importance. 

(4) So soon, however, as the vaso-motor tone is abolished, the 
whole of the blood under the influence of gravity tends to collect in the 
abdominal vessels. | 

(5) The respiratory centre is then excited by anemia to increased 
activity, and the blood is pumped into the right heart by means of the 
thoracic and abdominal muscles, while the outflow through the splanchnic 
capillaries is diminished by the compressive action of the abdominal 
wall. 

Throughout this paper the effect of hydrostatic pressure on the 
circulation in the lower limbs will be left out of account, as it is 
insignificant when compared with the effect on the great vascular area 
of the abdomen. 

Eapervmental Method. Animals investigated, dogs. In a few 
instances, cats and rabbits. Anzsthetics employed, chloroform and 
ether during all operative procedures. 

Morphia narcosis during the periods of recording observations. 

It is absolutely essential that chloroform should not be administered 
during the periods of observation, for there is no other agent known to 
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us that so rapidly abolishes the mechanisms which compensate for the 


influence of gravity, as chloroform. 

During complete morphia narcosis the animals remain in a saedition 
which is perfectly constant, and the general vaso-motor tone is main- 
tained by the drug in excellent condition. 

The morphia is administered about ten minutes before the animal is 
placed under chloroform, this drug has the advantage of acting as an 
emetic on dogs, and thus the contents of the stomach are completely 
evacuated before the experiment commences. 

Operative procedure. Glass cannule are passed down the external 
jugular vein and the carotid artery, so that the ends of the cannulz lie 
respectively in the vena cava superior and the aorta. These cannule are 
connected respectively with a manometer filled with a half-saturated 
solution of magnesium sulphate, and with a mercury manometer. 
Records are obtained on a slow-moving drum, driven at the rate of 
15 to 20 mm. per minute. The venous manometer is connected with 
a delicate recording tambour, while the Hg manometer is provided 
with a recording float and style. 

It must be remembered that in investigations on the hydrostatic 
effect of gravity where fluid manometers are employed it is essential 
that the axis round which the animal board is turned, should pass 
through the intra-vascular openings of the cannule. 

By placing the cannulz in the axis of rotation any alteration in the 
level of the extra-vascular columns of fluid within the manometric 
connecting tubes is avoided, and the variations of pressure obtained are . 
purely intra-vascular. 


Section I. 


Exp. 1. The normal effect of placing a dog in the vertical feet- 
down *,* 

If the arteries are in a perfect condition of elasticity and vaso-motor 
tone, and if the veins and capillaries are supported ‘by the healthy tone 
of the abdominal wall, then the vascular system is similar in nature to 
a scheme of rigid tubes and the fall of pressure is in consequence slight 
on dropping the animal into the vertical feet-down posture. 

The venous pressure remains at a lower level until the horizontal 
position is assumed once more. The arterial pressure, as was shown in 
the former paper, rises again if the animal is in good condition to or 
even above normal. The amount of this compensatory rise and the 
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mechanism of compensation varies with the individual. In some the 
action of the respiratory pump is intensified, in others, and this is more 
generally the case, the compensation is brought about purely by vaso- 
constriction. In tracing I. the increased action of the 
respiratory pump is demonstrated, and the completeness 
of the compensation is well shown in the curve of arterial 
tension. 
Tracing 1. 

A. Vertical feet-down position. 

B. Horizontal. 

In this case, owing to the sudden fall of arterial 
tension produced by the change of posture, both the 
respiratory and vaso-motor centres are excited to increased 
activity. Fro. 1. 


Exp. 2. Effect of placing the animal in the vertical feet-down 
position after division of both vagi. 


Fic. 2. 


Division of the vagi. 

Establishment of vagal respiration. 
Feet-down posture. 

Compression of abdomen. 

Withdrawal of abdominal compression. 


During this experiment the animal’s respiration was slow and 
powerful in character. The respiratory variations of pressure in both 
22—2 
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the venous and arterial trace are therefore very well marked. The 
spasmodic nature of the respirations immediately after the section of 
the vagi is well shown in the tracing. After a short period that 
rhythm and form of respiration appears which is typical after section of 
the vagi. 

Powerful inspirations alternate with prolonged expiration. On 
dropping the animal into the feet-down posture the respirations are 
changed in type and become more frequent, while the inspirations are 
greatly lessened in depth. Accompanying these changes there is a 
gradually increasing tonic spasm of the abdominal muscles, and the 
pause between expiration and the next inspiration is abolished. Each 
respiration aids powerfully in forcing up the arterial pressure. By the 
action of the abdominal expiratory muscles, blood is forced from the 
veins into the right heart, while it is sucked thither by the inspirations 
which are purely thoracic in type. The outflow through the splanchnic 
area of capillaries is at the same time lessened by the expiratory efforts 
of the abdominal muscles. 

By compression of the abdomen with the hand the arterial tension 
is raised to the level which it had previously attained in the horizontal 
position, and the respiration also is returned to the type which charac- 
terises that position. 

In one of these experiments we have observed, after section of the 
vagi, the arterial tension to be 
raised by each powerful respiratory 
effort from 10mm.Hg to 75 mm. 
Hg.+In this case the dog was placed 
in the feet-down position, the vaso- 
motor tone was defective, and the 
respirations infrequent, but very 
powerful. 

Exp. 3. The effect on the aortie 
and vena cava pressures of section 
of the spinal cord at the 1st dorsal 
vertebra. 


Tracing 3. 
A. Section of cord begun. 
B. » completed. — | 
C. Feet-down position. en Fia. 3. 


In this tracing the effect of dividing the cord is recorded. The 
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arterial pressure falls 60 mm. of mercury while the venous pressure 
scarcely varies. It is slightly higher during the cutting of the cord 
owing to the excitation of muscular spasm. When the animal was 
placed feet downwards the arterial pressure fell to zero, and the venous 
pressure at first also fell slightly and then began again to rise slightly. 
In repetitions of this experiment we have in some cases obtained a 
marked rise of venous pressure at the time when the arterial tension 
was falling through the last one or two centimetres which separated it 
from the zero line. 

During the first and greater fall of arterial tension following section 
of the cord the venous pressure in all cases showed, to all intents and 
purposes, no signs of variation. 

By division of the spinal cord at the level of the 1st dorsal vertebra, 
the influence of the bulbar centres on the parts below the seat of 
section is lost. The abdominal and intercostal muscles are paralyzed, 
the breathing becomes purely diaphragmatic. 

The tone of the great splanchnic area of arterioles is lost, the tone 
of the abdominal wall abolished, the capacity of the abdominal veins 
and the input into these greatly increased. 

The total effect on the circulation when the animal lies in the 
horizontal position, is a considerable fall of arterial pressure, and a very 
marked diminution of the respiratory undulations. 

On dropping the animal into the vertical feet-down position, the 
arterial pressure rapidly falls, and in the dog as a rule reaches the zero 
line, the circulation then ceases. It was shown in the former paper 
that this takes place because the ‘splanchnic flood gates’ are thrown 
open. Thus the great abdominal veins sag out under the hydro- 
static pressure and in them collects the whole of the blood. The heart 
empties for the respiratory mechanism which fills the right ventricle 
from the veins is abolished. _The empty heart continues vainly to 
beat. On compressing the abdominal wall with the hand the capacity 
of the veins is reduced, the right heart is filled with blood, the 
peripheral resistance is increased. Thus the arterial pressure rises 
and the circulation is renewed. On removing the hand, the heart once 
more empties, and the circulation ceases. On finally returning the 
animal to the horizontal position, the hydrostatic pressure is abolished 


and the circulation is restored. 


There are here involved the effects of abolishing the two chief 
compensatory mechanisms, the vaso-motor apparatus and the respiratory 
pump. It is necessary to examine these separately and estimate the 
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relative power of each. The vaso-motor mechanism of the splanchnic 
area can be abolished by section of the splanchnic nerves. This can be 
executed without damaging the respiratory pump, if the splanchnic 
nerves are exposed and divided through a lumbar incision. 

The respiratory pump can by itself be thrown out of action by the 
injection of curare (in addition to morphia). The curare employed by 
us (Kanthack’s) is of the most admirable quality. 

The intra-venous injection of 2 c.c. of a 1 p.c. solution of this 
curare completely abolishes respiration, without any appreciable 
affection of the heart or vaso-motor tone. 

Exp. 4. Division of the splanchnic nerves followed firstly by a 
crucial incision of the abdomen, and secondly by a laying open of the 
pleural cavity. 

Tracing 4a. 
A. Vertical feet-down posture. 
Compression of the abdomen, 
Crucial incision of the abdo- 
men. 


B. 

C 

D. Opening of the pleural cavity. 
E. 

F 


Rise of arterial pressure due 
to an asphyxial convulsion. ete. 
Horizontal position. 


At the beginning of this tracing, or rather before the beginning 
of this tracing, the splanchnic nerves were divided. On placing the 
animal in the feet-down posture the arterial pressure at first fell 
largely and then steadily continued to fall as the blood leaked through 
the abdominal vessels into the venous side of the circulation. By 
means of compressing the abdomen the arterial tension is restored to 
the normal and the hydrostatic effect of gravity completely compensated 
for. On removal of the compression the tension returns immediately 
to its former level. A further fall in tension is produced by crucial 
incision of the abdomen and on opening the pleural cavity the tension 
finally falls to zero. The blood pressure is once more driven up by a 
general asphyxial spasm of the muscles. This rise lasts but for a short 
time. The pressure is finally restored by returning the animal to the 
horizontal position. 

By a series of steps the same condition is reached in this experiment 
as is produced by one stroke of the knife on section of the spinal cord 
at the level of the first dorsal vertebra. After the abolition of the 
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influence which the vaso-motor centre exerts tonically on the abdominal 
vessels, the circulation can continue in the feet-down posture by aid 
of the respiratory pump. On the abolition of the action of this pump, 
the arterial tension falls to zero. If the animal be in good condition 
when the circulation ceases violent asphyxial convulsions occur owing 
to the anemia of the bulbar centres. By the violence of these spasms 
the action of the respiratory pump is brought into play and in spite of 
the opening into the thorax, the heart is filled and the circulation 
is restored thereby. If however the bulbar centres are in a state 
of shock they are rather paralysed, than excited by the anwmia, and 
the animal dies without a struggle. 

In order to be absolutely sure that the respiratory pump is 
undamaged by the operation of dividing the splanchnic nerves, we 
have in two or three cases divided these nerves under aseptic pre- 
cautions, allowed the wounds to heal, and then after three days’ interval 
investigated the condition of the circulation. In one case after keeping 
the animal for about eight days after division of the splanchnic nerves, 
the vaso-motor tone had largely recovered and the compensation for 
the effect of gravity was efficient. In another case the animal was 
affected after the operation by a most marked and persistent hiccough, 
and each beat of the heart was synchronous with this hiccough. 

On holding these animals up in the vertical feet-down position, the 
action of the respiratory pump was increased, the circulation through 
the brain remained efficient, and consciousness was not abolished. 

That the blood passes under the influence of gravity into the 
abdominal veins after abolition of the compensatory mechanisms, is 
strikingly demonstrated by the next tracing. 


Tracing + b. 

Feet-down position. 
Vena cava inferior clamped. 
Horizontal position. 
Removal of the clamp from the vena cava. 

At the moment when the arterial pressure falls to 
zero the vena cava is clamped and the animal returned 
to the horizontal position. The arterial pressure does not 
rise; but on removing the clamp the heart immediately 
fills, and the arterial pressure rapidly reaches its normal %* *% 
level. 

It is very instructive to observe through the open thorax how the 
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heart can be filled and emptied at will by placing the animal alternately 


in the feet-down and horizontal position. 
Exp. 5. Administration of curare. Paralysis of the respiratory 
pump. Effect of the feet-down posture. 
Tracing 5. A. Injection of curare. 
B. Failure of natural breathing and establishment of 
artificial respiration. 
C. Artificial respiration withdrawn and the animal 
placed in the feet-down posture. . | 
D. Return to the horizontal position. 
E,. Re-establishment of artificial respiration. 


Fie. 5. 


It is first to be noticed in this tracing that the curare, while it 
completely abolished the natural respiratory movements, did not in- 
terfere with the heart or tone of the arterial system. On administering 
artificial respiration the arterial pressure falls while the venous pressure 
rises owing to the increase of intra-thoracic pressure brought about by 
the positive ventilation of the lungs. On suddenly withdrawing the 
artificial respiration and dropping the animal into the feet-down 
posture the arterial tension falls, but before the fall reaches a dangerous 
point asphyxial constriction of the arterial system comes into play and 
the pressure is driven up in a succession of Traube-Hering curves to 
a considerable height. In the second stage of asphyxia when the 
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pressure once more began to fall the animal was returned to the 
horizontal position. Thus the right heart was filled with a fresh 
quantity of blood and the magnitude of the individual beats con- 
siderably increased. On once again supplying the artificial respiration 
the condition became normal. 

From this experiment it is obvious that the vaso-motor mechanism 
is sufficient to compensate for the hydrostatic effect of gravity, even 
when the aid of the respiratory pump is entirely withdrawn. 

Exp. 6. Effect of forcing artificial respiration, the animal mean- 
while in the feet-down posture. 

Tracing 6. 
A. Artificial respiration established. 
B. Compression of the abdomen. 

By raising the intra-thoracic pressure through 
positive ventilation of the lungs while the animal is 
at the same time in the feet-down posture the 
arterial tension is rapidly driven to zero. This is 
so because the right heart is unable to fill owing 
both to the hydrostatic effect of gravity and to the 
abolition of the suction power of the thorax and its ~ 
replacement by a positive intra-thoracic pressure. = Fig. 6. 
By resorting to compression of the abdomen this 
pressure is overcome and the heart is filled from the abdominal veins. 


Exp. 7. Compression of the thoraa, the 
feet-down posture. 

We have here to deal with two types of animals.. The one in which 
the thorax is yielding and compressible, and 
the compression is not resisted by respiratory 
spasms, the other where the thorax is rigid 
and incompressible, and the compression is 
resisted. 

In the first type the arterial pressure is 
rapidly driven down towards the zero line while 
the venous pressure rises. 


Tracing 7 a. 
A. Feet-down position. 
B. Compression of the thorax. 
C. Compression withdrawn. Fro. 7a. 
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The fall of arterial pressure is more rapid when the animal is in the 
vertical feet-down position, than it is when the animal is placed in the 
horizontal posture. In the feet-down posture the positive intra-thoracic 
pressure is aided by the hydrostatic effect of gravity, and thus the 
filling of the right heart is more easily prevented. As an example of 
the effect produced in the second type of 
animal we exhibit tracing 7 6. In this case 
the thorax of the dog was extremely rigid 
and the animal resisted the compression by 
powerful expiratory efforts. During these 
the glottis was kept closed. Intermingled 
with the expiratory spasms were short, 
powerful inspiratory gasps. 

Tracing 7 b. 
A. Compression of the thorax. 
B. Compression withdrawn. 


On compressing the thorax the venous 
pressure rose very greatly, but the arterial 
tension did not fall to any marked extent. —- 

In both types of animal the first brief effect of applying compression 
to the thorax is to raise the arterial pressure by forcing the blood in 
increased volume from the lungs into the left heart. 

An exact comparison can be drawn between these experimental 
results, aud those we have obtained on map. 

Sphygmographic tracings taken during passive compression of the 
thorax have shown us that the venous pressure rises while the arterial 
pressure falls. We have met with two types of men. The one with 
a rigid chest, and the other with a compressible chest, and the results 
of compression on these types are exactly the same.as shown in 
tracing 7 a and 7 b'. 

In these two tracings the causation of the death in the crushes of 
panic-stricken crowds is well illustrated. It is the weaker women 
and children with compressible chests that are first affected. The 
circulation is prevented by the rise of intra-thoracic pressure, and 
syncope results. 

The stronger man with a rigid chest escapes. Ed. Weber 
temporarily produced syncope in himself a compressing his thorax 
with his own hands. 


2 See this Journal, p. 156, xx1. 1897. 
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In the same way syncope is brought about by the violent ex- 
piratory spasms which raise the intra-thoracic pressure and impede 
the circulation, when the larynx is blocked by a foreign body. 

These facts have previously been established by others, we wish 
merely to insist that the danger of syncope during compression of 
the thorax is greatly increased by the feet-down posture. 

By either an injection of oil into the pericardium, or of air into 
the jugular vein we have produced a fall of arterial pressure exactly 
comparable to that shown in tracings 6 and 7a. In the one case the 
filling of the right heart is impeded owing to the rise of intraperi- 
cardial pressure, in the other case the filling of the left heart is prevented 
by pulmonary embolism, and frothing of the air in the right ventricle. 

In agreement with other workers we have found a considerable 
quantity of air can be slowly injected into the jugular vein without 
killing a dog. In the rabbit a small quantity is sufficient to cause 
death. This difference depends on the size of the heart. The ventricle 
of the smaller animal is easily blocked by the frothing of a small 
quantity of air. 

During excitation of the depressor in the rabbit the “splanchnic 
flood gates” are thrown open and the fall of arterial pressure in the 
feet-down position is consequently much increased. 

No material effect is produced by throwing the diaphragm out of 
gear. The fall of arterial pressure in the feet-down posture is not 
increased thereby and the respiratory pump by the action of the 
thoracic and abdominal muscles remains perfectly efficient. After 
division of the spinal cord at the level of the 1st dorsal vertebra, the 
action of the diaphragm may in some cases be sufficient to fill the 
heart from the veins, and maintain an extremely feeble circulation. 
In other cases it is entirely inefficient. Its efficiency depends upon 
the flaccidity of, or the amount of resistance to distension offered by 
the abdominal wall and levator ani. 

Exp. 8 The effect of compression of the abdomen and of the 
alteration of position during the stage of asphyxia in a curarised animal, 
with demonstration of the effect of artificial respiration on the circu- 
lation subsequent to death. 

Tracing 8. A. Feet-down posture. 

ot Compression of the abdomen. 


D. Horizontal position. | 
E. Alternate compressions of the abdomen and thorax. 
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On stopping the artificial respiration and dropping the animal into 
the feet-down position there is at first a sharp fall of pressure, but this 
soon gives way to an asphyxial rise. Compressing the abdomen at 


Fie. 8. 


the height of the asphyxial rise produces a great increase of arterial 
pressure. During a later stage when the arterial pressure is falling, 
compression of the abdomen produces but a slight rise, and this is 
followed by an acceleration in the fall of the curve. In the first case 
the heart is able to deal: with the extra quantity of blood supplied to it 
from the abdominal veins: in the second case it is becoming paralysed, 
and its condition is only rendered worse by throwing any extra work 
on it. During the final stage of the fall of arterial pressure the venous 
pressure is slowly rising, and while the venous curve shows the pul- 
sations of the heart due to regurgitation through the tricuspid valve, 
the pulse beats on the arterial trace become larger. This last pheno- 
menon has been frequently observed by us, and is probably to be 
explained by the fact that the dilated heart obtains relief by the 
regurgitation into the venous system. 

Turning the animal into thé horizontal position at the moment 
when the arterial trace records the lowest level, and the pulsations 
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have almost ceased, produces a large rise of venous pressure and no 
effect on the arterial tension. 

In the last part of the tracing it is shown by alternate and 
rhythmic compression of the abdomen and thorax that the action of 
the heart can be simulated, the arterial pressure raised and the circu- 
lation artificially maintained. By such means we have excited and 
maintained natural respiratory movements for many minutes after the 
heart has entirely ceased to beat in cases of chloroform syncope. 


ConcLusions, Section I. 


The splanchnic vaso-motor mechanism is by itself amply sufficient 
to compensate for the hydrostatic effect of gravity. 

When the splanchnic vaso-motor tone is destroyed, the respiratory 
pump is by itself sufficient to maintain the a. but in a far 
less efficient degree. 

The circulation in the vertical feet-down position ins impossible 
when both the splanchnic vaso-motor tone and respiratory pump are 
abolished. | 

The splanchnic vaso-motor tone can be abolished without inter- 
ference with the respiratory pump, by dividing the splanchnic nerves 
through lumbar incisions below the level of the last rib. 

The respiratory pump can be abolished without interference with 
the heart or vaso-motor tone by the injection of Kanthack’s curare. 

The splanchnic vaso-motor tone and the action of the respiratory 
pump are simultaneously abolished by section of the spinal cord at the 
1st dorsal vertebra. 

Pure diaphragmatic breathing after paralysis of the thoracic and 
abdominal muscles is not an efficient aid to the circulation. 

The splanchnic vaso-motor tone and the compensatory action of 
the respiratory pump can be abolished in successive stages (1) by 
section of the splanchnic nerves, (2) by crucial incision of the abdomen, 
(3) by opening of the pleural cavity. 

The circulation is maintained in the feet-down posture after abo- 
lition of the splanchnic vaso-motor tone, by expiratory compressions 
of the abdomen occurring simultaneously with inspiratory thoracic 
suctions. By these means the outflow through the splanchnic capillaries 
is diminished, and the input maintained into the right heart from the 
veins. 
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Chloroform rapidly abolishes both the vaso-motor tone and the 
action of the respiratory pump. 

In man a condition of deficient vaso-motor tone, combined with an 
atonic condition of the abdominal wall or patulous abdomen, must in 
the erect posture lead to a deficient circulation and anemia of the brain. 

By raising the intra-thoracic pressure, by positive ventilation of the 
lungs, by passive compression of the thorax, or by injection of oil into 
the pericardium, the filling of the right heart is easily impeded in the 
feet-down position and the circulation abolished. 

By compression of the abdomen with the hand, the compensation 
for the hydrostatic effect of gravity is easily supplied, whenever the 
natural compensatory mechanisms are abolished. 

The compensatory mechanisms are, as far as we know, excited 
directly to action, by the sudden fall of arterial pressure, which takes 
place on dropping an animal into the vertical feet-down posture. It 
has been abundantly shown that the bulbar centres are most sensitive 
to changes in the circulation of blood through the bulb. 

When the vaso-motor tone is in good condition, and the abdominal 
wall is tense, the splanchnic vessels are similar in nature to rigid tubes, 
and the initial hydrostatic effect of gravity is very slight. 

When the opposite conditions obtain the abdominal vessels are 
similar in nature to an easily distensible elastic bag. Thus the whole 
of the blood under the influence of gravity passes therein and the 
circulation ceases. 

The healthy heart cannot be thrown into paralytic dilatation by the 
most forcible compression of the abdominal veins. The chloroformed 
or asphyxiated heart on the other hand can easily be thrown into 
paralytic dilatation by this means. 

The right heart can be emptied of blood and a state of paralytic 
dilatation relieved by the simple procedure of dropping the animal into 
the vertical feet-down posture. This is a valuable method of recovery 
in conditions of asphyxia or chloroform collapse. 


Section II. 


In this section it will be demonstrated that, as a rule, the escape of 
the dog’s heart from vagal inhibition depends upon the excitation of 
violent expiratory spasms provoked by anemia of the bulbar centre. 

By abolishing the power of the respiratory pump the period of 
inhibition is greatly prolonged. This can be effected, either by ad- 
ministering chloroform, or by dividing the spinal cord at the level of 
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the Ist dorsal vertebra. The administration of curare is not suitable, 
as this drug weakens the inhibitory power of the vagus. 

It is easy to provoke escape by rhythmically compressing either 
the abdomen or the heart. The period of inhibition can thus be greatly 
shortened. Similarly a sudden change in the position of the body 
frequently produces an escape, especially when the body is suddenly 
returned from the vertical feet-down to the horizontal posture. 

In the first period of standstill the heart sometimes resists the 
influence of rhythmic compression. On dividing both vagi the results 
remain the same. Thus the escapes of the heart synchronous with the 
respiratory efforts are not due to any reflex excitation of the accelerator 
nerves occurring by way of the afferent fibres of the vagus. The fact 
that the inhibition often becomes indefinitely prolonged after section 
has been made of the spinal cord at the level of the 1st dorsal vertebra 
may point to abolition of some influence which the accelerator nerves 
have on the period of escape. We have no evidence to offer on this 
point. By the inhalation of chloroform the period of inhibition can be 
prolonged in some cases to a striking extent. This drug, just as 
section of the spinal cord, causes a great diminution of the power of 
the respiratory pump. After administration of chloroform escape 
frequently occurs so soon as the respiratory centre is aroused by 
asphyxia and the expiratory spasms are evoked. Here again escape 
can be brought about by compression of the abdomen and thorax. — 

‘In all these experiments the peripheral end of the vagus nerve was 
fitted with clip electrodes, and the conditions of electrical excitation 
remained constant. 

It seems possible to us that by compression of the thorax or by 
means of a change of position the left ventricle is filled with blood and 
escapes, while the right still remains inhibited. 

Whatever may be the explanation the fact remains that in the dog 
escape is normally brought about by the anemia of the - respiratory 
centre, This evokes violent respiratory spasms, which in their turn 
raise the venous tension, compress the heart and excite it to 
beat. 

In the amphibian heart there is a certain amount of evidence on 
record that a high endo-cardial pressure lessens the inhibitory power 


of the vagus’. 


1 Luchsinger and Ludwig, Pfluger’s Arch. xxv. p. 482, 1881; Stewart, This 
Journal, x1. p. 188, 1892, 
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Exp. 9. The effect of vagus excitation in the horizontal and feet- 


Tracing 9. A. Feet down. 


In the course of this experiment under the circumstances of either 
position, the heart escapes, during the violent expiratory spasms 
which are aroused by the anemia of the respiratory centre. In the 
feet-down posture these expiratory spasms are far more frequent and 
more pronounced in character than those found while the animal is in 
the horizontal position. The arterial tension also falls to a lower zero 
line than it does while the latter position is maintained. In a few 
experiments we observed that the period of inhibition was prolonged 
in the feet-down position, but in other cases this was not so, The 


period seems to depend entirely on the power of the expiratory spasms 
to raise the venous pressure and compress the heart. 


Fre. 9. | Fro. 10. 

Exp. 10. The effect of compression of the abdomen during stand- 
still of the heart. 

Tracing 10. A.B.C. Successive compressions of the abdomen. 


The venous pressure is raised some 200 mm. MgSO, solution by 
the forcible compression of the abdomen. The arterial pressure is 
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always somewhat raised and at the climax of each compression the 
heart escapes from the vagal inhibition. 

Compression of the heart through the thorax is a still easier 
method of exciting the heart to escape from the inhibitory influence 
of the vagus. 

Exp. 11. Eacitation of the vagus after division of the spinal cord 
at the level of the 1st dorsal vertebra. 

Tracing 11. A. Feetdown. CC. Compression of the abdomen. 

B. Horizontal. E. Escape of the heart. 


Fre, 11. 


After division of the cord, and owing to’ paralysis of all the 
respiratory muscles except the diaphragm, the standstill of the heart 
is on vagus inhibition prolonged almost indefinitely. On alternately 
changing the position of the animal from the feet-down posture to the 
horizontal the hydrostatic effect of gravity othe venous pressure is 
seen to be very marked while on the arterial pressure it is practically 
nil. A single escape of the heart was provoked in one case by turning 
the animal into the horizontal position. By means of compressing the 
abdomen the venous pressure was greatly raised and some blood was 
forced into the arterial system, causing a slight rise of arterial tension 
which immediately disappeared on the withdrawal of the compression. 
The heart, in this case, escaped on removal of the excitation after 
a period of more than five minutes, during which period the respirations 
had entirely ceased. The animal however failed to breathe again, the 
heart once more, owing to asphyxia, was brought to a standstill and 
thus this animal died from vagus inhibition. 

Exp. 12. Ezcitation of the vagus, before and after administration 
of chloroform. 

Tracing 12. A. Administration of chloroform. 

B. Feet-up position. C. Horizontal position. 
PH. XXI. 23 
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In the first instance the escape of the heart is incomplete, the 
respirations are greatly intensified and , 
by the powerful expiratory spasms of 
the abdominal muscles the venous pres- 
sure is greatly raised. 

In the second case, the inhibition is 
complete while the respirations, weakened 
by the chloroform, remain unaltered 
during the standstill of the heart. 

That the arterial system is almost 
completely emptied during the standstill 
of the heart and after the administras 
tion of chloroform is shown by the fact 
that the pressure scarcely alters when 
the animal is turned into either the feet-" 
up or horizontal position. 

In all our experiments the admini- 
stration of chloroform markedly prolongs the period of complete cardiac 
inhibition. This is in direct contradiction to the conclusions arrived 
at by the Hyderabad Commission. The scientific precautions which 
are required in such comparative experiments, do not appear to us 
to have been taken by the Commission. 


Exp. 13. The effect of alteration of position during the standstill 
of the heart. 

Tracing 13. 
A. Feet down. 
B. Horizontal. 
C. Feet down. 
D. Horizontal. 

On producing complete inhibition 
of the heart the arterial pressure falls 
and the venous pressure rises. The 
respirations are increased in force. By 
the alternate compression and relaxa- 
tion of the expiratory abdominal 
muscles the arterial pressure is step 
by step forced lower and lower while 
the venous pressure rises. On drop- 
ping the animal into the feet-down 


Fre, 12, 
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position the arterial tension finally falls to the zero line while the 
venous pressure in this case owing to the increased excitement of 
expiratory spasm falls but slightly. On returning the animal to 
the horizontal position, the venous pressure markedly rises, the 
arterial pressure scarcely shows any change. On once more dropping 
the animal into the feet-down posture the venous pressure falls to 
its former level and the respirations are again still more power- 
fully excited, and synchronously with these respirations the heart 
escapes from inhibition. With the complete escape of the heart 
arterial pressure rises rapidly to its former level while the venous 
pressure falls. The respiration then ceases altogether for a period 
and during this period the arterial tension once more falls to be finally 
raised again to its normal level by a series of powerful respiratory 
movements. The cessation of respiration is probably to be ascribed 
to apneea following the stage of respiratory spasms, which were in 
their turn provoked by the anemia of the respiratory centre. 


Section III. 


The mean pressure of the vascular system. 

It will be remembered that E. H. Weber constructed a model of 
the vascular system. The heart, the artery and the vein were formed 
of a continuous loop of small intestine. In one part of the loop a 
sponge was inserted to represent the capillaries. Into this model 
Weber injected fluid, so that the whole tube was distended to a 
certain extent. It is clear says Weber that in this model the pump 
cannot increase the mean pressure of the system. By so much as it 
increases the pressure on the arterial side, will it decrease it on the 
venous side. 

The mean pressure is found by measuring the pressure at each unit 
of length along the tube and dividing by the number of units’. The 
mean pressure when the pump is at rest is the hydrostatic mean 
pressure, and that when the pump is in action the hydrokinetic 
mean pressure. 

According to Weber the hydrokinetic mean pressure is equivalent 
to the hydrostatic mean pressure. 

Weber deduced from the results obtained on the model (1) that in 
man the heart cannot vary the mean pressure, (2) that the mean pressure 


' Berichte jj 4. Verhandl. der kimigl. Stichs Geselisch. d. Wiss, Leipzig, 1850. Re- 
printed in Ostwald’s Klassiker, p. 30. 
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can only be varied by changes in the amount of blood within the vascular 
system. 

The first conclusion has recently been adopted by Bayliss and 
Starling, the second they extend by adding that variations in mean 
pressure are brought about by changes in the capacity of the arterioles 
caused by vaso-motor nerves. They say, “changes in heart beat or 
in peripheral resistance, as Weber points out, will not increase or 
diminish the mean pressure, but will only cause a variation in the 
distribution of the pressure.” “An increase in peripheral resistance 
must always connote a rise in the mean pressure of the system brought 
about by the diminution of its capacity.” 

“The amount of blood forced out of the arterioles (in which we must 
include the porta] vein and its branches) may be sufficient to distend 
both arterial and venous trunks more than before.” | 

“The rise of arterial pressure occasioned by vaso-motor activity has 
thus to be explained by the coincidence of two factors : 

(a) Increased peripheral resistance. 
(6) Diminished capacity of blood vessels’.” 

Now let us suppose that water be poured into the model, but not 
in sufficient quantity to bring into play the elasticity of the flaccid 
intestine, which forms the schematic artery and vein. The hydrostatic 
mean pressure will in this case be zero, If the pump be now worked 
fluid will be driven from the vein into the artery, and the walls of the 
latter will become distended. The tension in the artery will rise, while 
the tension in the vein cannot fall below zero for the flaccid wall of the 
vein is incapable of supporting any part of the atmospheric pressure. 
In this case the hydrokinetic mean pressure becomes higher than the 
static mean pressure, and the pump does increase the mean pressure. 

Again, if the model be only partly filled and not distended with 
fluid, any diminution in the capacity of the model will not raise the 
hydrostatic mean pressure from zero until the elasticity of the wall be 
brought into play. Thus an elastic bag holding 1000c.c., but capable 
of holding without distension 2000¢.c., will not be thrown into tension 
by a reduction of its capacity from 2000 to 1000 c.c. 

In applying the principles of Weber's model to the circulation the 
crucial fact has been ignored, that the vascular system does not contain 
a sufficient quantity of blood, to fill it as a whole to distension, and call 
out the elastic reaction of its walls. 

If the hydrostatic mean pressure in the vascular system be zero, 


* This Journal, xvi. p. 167. 1894, 
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then the conditions which Weber postulates in his mode] do not . . 


pertain to the circulation and the whole of his argument falls to the 
ground. Moreover a diminution of capacity will produce no effect 
so long as there is spare room in the vascular system, for a mean 
static pressure does not appear until the whole system is filled to 
distension. 

There is yet another difference between Weber's model and the 
vascular system. The model is essentially a continuous system. 

On the other hand the vascular system is to a great extent a 
discontinuous system. There are two sets of capillaries, the systemic 
and the pulmonary. The portal vein is shut off on either hand from 
the arterial and venous system by capillary plexuses. There are the 
valves in the veins. If by any momentary rise of pressure behind a 
valve blood be induced to pass it, it cannot return a moment later and 
equalise the pressure. 

Thus various pressures may occur at different points of the vascular 
system, when the heart is at rest, and these pressures are but slowly 
adjusted. 

We shall now give experimental proofs of these three facts : 

(1) That the vascular system is not full in the sense of distended. 
(2) That the mean hydrostatic pressure is zero. 
(3) That the vascular system is a discontinuous system. 

I. Owing to the elastic resilience of the arteries and the hydrostatic 
effect of gravity, the blood, when the heart ceases to beat, passes into 
the venous side and the most dependent parts of the body. Thus the 
arterial pressure falls to zero, and the large arteries are after death 
found to be empty of blood. 

II. It is not possible to distend the entire vascular system of a 
recently killed animal by injecting fluid into an artery. After forcibly 
injecting 500 c.c. of water the tension in the arteries falls with the 
utmost rapidity. For a brief space of time the tension in the vena cava 
and aorta may become approximately equal. This tension is however 
neither uniform throughout the vascular system nor stable and lasting. 
The fluid continues to flow steadily if slowly until it has congested in 
the most dependent parts of the body. 

On alternately placing the animal into the horizontal and feet-down 
postures, the fluid can be pumped by hydrostatic pressure past the 
capillaries and valves of the veins, and the arterial pressure rapidly 
lowered to zero. Thus in the dead animal (1) one part of the vascular 
system can be emptied and another part filled, (2) when the flow of 
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fluid has entirely ceased and the conditions have become static, the 
mean pressure measured in the aorta or vena cava is zero. 

It may be argued that the vascular system is not filled to distension 
in the dead animal owing to the increase of capacity which arises from 
paralysis of vaso-motor tone. | 

This argument can be met by a similar experiment performed on 
the living animal. 

III. Ina normal dog we arrested the heart by stimulation of the 
vagus. During the standstill of the heart the animal was alternately 
placed in the vertical feet-down and horizontal positions. By these 
means the blood was pumped from the arteries into the veins. When 
the arterial tension had reached zero we opened the femoral artery ; 
only a few drops of blood then escaped, and on turning the animal into 
the vertical feet-up posture air actually entered into the artery. In 
this experiment we produced a positive pressure in the veins and 
no pressure in the arteries, a condition which could not be maintained 
in a continuous system like Weber's model. Since the arteries are 
emptied of blood, the whole system is not filled to distension, and the 
capacity of the system can be altered in one part without necessarily 
varying the pressure in another part. 

Now Bayliss and Starling obtain what they term the static mean 
_ pressure by recording the pressures in the femoral artery, the vena cava 
and the portal vein, during a period of cardiac inhibition. 

The aortic pressure falls on arrest of the heart and ultimately 
becomes lower than the vena cava and portal pressures. Of necessity 
at one point the pressures cross one another. The pressure at this 
point they assumed to be the static mean pressure. In reality it is 
nothing more than a hydrokinetic mean pressure, for the blood 
continues to slowly flow, while the pressures are neither uniform nor 
stable, for the capacity of the vascular system is continually changing 
owing to the action of the respiratory pump. That this is so, is shown 
both by their own experimental readings obtained on vagal arrest, and 
by our tracings. 

Since the vascular system is neither filled to distension nor 
continuous, and a hydrostatic uniform pressure cannot be obtained, the 
whole of Weber's doctrine can be put on one side, and the use of the 
term ‘mean pressure’ eschewed in all further discussions on hemo- 
dynamics. That the mean pressure is increased by the beat of 
the heart, is so obvious a point that it is not necessary to dwell 

1 Bayliss and Starling, Exper. 10, p. 200. 
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upon it. This part of Weber’s conclusions has already been overthrown 
by Donders'’, and since the publication of the preliminary note’ of our 
experiments Starling® has himself modified his views on this matter. 

We pass now to a consideration of Bayliss and Starling’s state- 
ment that contraction of the arterioles by diminishing the capacity 
of the vascular system causes a rise of arterial pressure. It is obvious, 
if their assertion be true, that the pressure must be raised by vaso- 
constriction all the way round the vascular system, not only in the 
venz cave and portal vein, but also in the pulmonary vessels. These 
authors use the vena cava pressure as an index of the changes in tension 
produced by reduction of capacity. 

So long as the heart remains constant, which is a sine qua non in 
such experiments, the pulmonary arterial or venous pressure would afford 
an equally good index. We hold that constriction of the arterioles does 
not cause a rise of pressure by diminishing the capacity of the vascu 
system, because the system as a whole is not filled to distension-byghe 
blood it contains. 

The blood expelled from the area of constriction can pass into the 
veins, and so long as these are not filled to distension and the elasticity 
of their walls is not brought into play, the pressure within them does 
not rise. 

Bayliss and Starling have given some instances of a rise in vena 
cava pressure which they think are due to vaso-constriction causing a 
diminution in the capacity of the vascular system. All of these we 
think are due either to the failure of the heart to maintain its output, 
or to a diminution in the capacity of the venous system caused by the 
contraction of the respiratory and other muscles of the body. That 
contractions of the respiratory muscles are capable of causing a rise 
in venous pressure has been amply shown in our experiments. We 
have to show how far these factors are efficient in the experiments of 
Bayliss and Starling. 

1. They attribute to vaso-constriction the rise of vena cava and 
portal pressures which is seen to take place at the end of the first 
minute or so after arresting the heart. At this time respiratory spasms 
are occurring and it is clear in all our tracings that these are the efficient 
cause of the rise of vena cava pressure. The animals experimented upon 
by Bayliss and Starling were in no case curarised. It seems to us 


1 Arch, f. Anat. u. Phys. 1856, p. 456. 
2 Pr, Phys. Soc. Dec. 12, 1896. 
3 Lancet, March 6, 1897. 
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impossible to draw any just conclusions concerning vaso-constriction — 
when the animals are uncurarised and the respiratory pump is -in 
action. We ourselves unfortunately have not been able to maintain 
arrest of the heart in the curarised animal for a long enough time to 
settle this point. In our experiments when the heart has escaped from 
arrest, there has not occurred any great rise of arterial pressure which 
we should expect to indicate vaso-constriction. The subsequent rise of 
pressure is in fact in striking contrast to that which is witnessed during 
asphyxia when the respiration is renewed. The arterioles are then 
undoubtedly in a state of constriction and the arterial tension bounds 
up to a great height. 

2. They say that in asphyxia (produced by opening the pleural 
cavity) the rise of venous pressure is due to constriction of the arterioles, 
and that in asphyxia after section of the cord at the 1st dorsal vertebra, 
the absence of rise in venous pressure is due to the absence of vaso- 
constriction. But in asphyxia when the cord is intact, there are strong 
abdominal and general muscular movements which do not occur when 
the cord is cut. That this is the explanation of the primary rise in vena 
cava pressure is shown by the results of asphyxia after curare has been 
given and the muscles thereby paralysed. Thus in one of our experi- 
ments (tracing 5) the venous pressure only rose 26 mm. MgSO, sol. 
while the arterial pressure rose 1820 mm. MgSO, sol. In other 
experiments the vena cava has not risen, but has even fallen slightly 
during the great rise of aortic tension’. In the curarised animal the 
tension in the vena cava rises constantly and decidedly not in the 
early stage of vaso-constriction, but when the heart fails to maintain its 
output in the face of the increased peripheral resistance. 

3. They say that stimulation of the peripheral end of the splanchnics 
causes a rise of arterial pressure by the diminution in capacity of the 
vascular system. | 

Mall* likewise has ascribed a great part of the rise in arterial 
tension, which occurs on excitation of the splanchnics, to the diminution 
in capacity and expulsion of the blood out of the portal vein. 

Now we hold, if this conclusion be sound, that the pulmonary 
pressure would be equally good an index of the rise of pressure due 
to diminution of the total capacity of the vascular system as the vena 
cava pressure. Bayliss and Starling only obtained a rise in vena 


1 See this Journal, xvi. p. 346, Fig. 6, 1895, and Cerebral Circulation, Hill, London, 
1896, Fig. 9, p. 56, 
* Arch. f. Anat. u. Phys. Phys. Abth. 1892, p. 409. 
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cava pressure during splanchnic excitation equal to 1°3 mm. Hg, while 
the arterial pressure rose 38 mm. Hg. In this experiment only 1 mm. 
in a rise of 38 mm. Hg can be ascribed to diminution of total capacity. 

Similarly on exciting the peripheral end of the spinal cord (divided 
between the 6th and 7th dorsal nerves) Bradford and Dean recorded 
a rise of aortic pressure from 72 mm. Hg to 230 mm. Hg, while the 
pressure in the pulmonary artery varied from 20 to 21 mm. Hg. Here 
only a rise of 1 mm. in 158 mm. Hg could be attributed to diminution 
of total capacity. Even this slight rise which does occur in vena cava 
and pulmonary pressure cannot justly be ascribed to diminution of 
capacity. 

We must bear in mind another factor and that is the failure of the 
heart to maintain its output in the face of great peripheral resistance. 
In prolonged stimulation of the splanchnic nerves or spinal cord this 
factor may cause a ‘ back’ congestive effect and produce a considerable 
rise in pulmonary and venous pressure, as has been shown by Kauders’ 
in a series of synchronous records of right and left auricular pressures. 

In estimating the effect on the venous pressure of a reduction in the 
capacity of the arterioles, it is necessary that the vaso-constriction should 
be unaccompanied by any change in the action of the heart or the 
respiratory pump. We have produced vaso-constriction as purely as 
possible in the following ways. 

1. By intra-venous injection of supra-renal extract after dividing 
both vagi. 

In this case the arterial pressure rose 1170 mm. MgSO, sol., while 
the vena cava pressure remained unaltered. 

2. By the intra-venous injection of essential oil of sbeinthe i in the 
curarised animal. 

Here the arterial pressure rose 1430 mm. MgSO, sol. and this great 
rise was not accompanied by any alteration of vena cava pressure’. 

In neither of these cases therefore can any part of the rise of arterial 
tension be attributed to the diminution in capacity of the vascular 

m. 

Similarly we have demonstrated that no part of the fall of arterial 
pressure which follows general vaso-dilatation, can justly be attributed 
to the increase in capacity of the vascular system. 

In tracing 3 we record the effect of dividing the spinal cord at the 
level of the 1st dorsal vertebra. In this tracing the arterial pressure 


1 Zeitechr. f. klin. Med. 21, p. 76. 1892. 
2 See Fig. 8, this Journal, xvi. p. 351. 1895. 
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falls 780 mm. MgSO, sol. while the vena cava pressure remains 
practically unaltered. The same result is to be noticed in one of 
Bayliss and Starling’s experiments’. 

In some cases the vena cava pressure may fall on dividing the spinal 
cord and in other cases rise. We have to consider two opposing factors. 
On the one hand more blood congests within these vessels, on the other 
hand the action of the respiratory pump is paralysed, and the capacity 
of the abdominal veins increased. In any particular case the vena cava 
pressure will be the sum of these opposing factors, 

To conclude then :— 

We hold that (1) the expression ‘mean pressure’ cannot be justly 
used in any discussions on hemodynamics, for a uniform hydrostatic 
mean pressure in the vascular system cannot be obtained. 

(2) The vascular system is so capacious on the venous side, that 
constriction of large areas of arterioles by itself causes little or no 
alteration in vena cava pressure. This follows from the fact that the 
vascular system as a whole is not filled to distension. 

(3) Any appreciable increase of vena cava pressure is due either to 
the reduction of the capacity of the venous system by the action of the 
respiratory muscles, or to the failure of the heart in maintaining the 
systolic output. 

(4) The constriction of the arterioles acts in the same way as the 
closing of a clip placed on the aorta or in a circulatory schema of rubber 
tubes. The closing of the clip scarcely diminishes the capacity of the 
system, but the pressure rises in front of the resistance. 

(5) The venw cave form a constant low head of pressure from 
which the heart draws its supply. Thus the diastolic pressure within 
the heart is kept constant during the enormous changes of arterial 
pressure which are brought about by vaso-constriction. 

(6) The vascular system is so constructed as a discontinuous system 
in order that great changes of arterial pressure may be brought about 
by vaso-constriction, without any concomitant alteration of venous or 
pulmonary pressure. 

By the help of the diagram we can summarise most of the main 
features of the circulation which we have discussed in this paper. 

The pumping action produced by alternating the positions of an 
animal by which we can empty the arteries during arrest of the heart, 
is explained by the valves in the femoral vein FV. When the animal 
is placed in the feet-down position, the system comes to a condition of 

1 Bayliss and Starling, loc. cit. p. 168. 
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hydrostatic equilibrium, the hypothetical fluid surface being about the 
line (a). On placing the animal horizontal with the feet higher than 
the heart the point B acts as a watershed. On the arterial side of B 
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the blood flows back and produces a rise in carotid pressure. On the 
venous side the blood flows past the valves into the vena cava. On 
returning the animal to the vertical feet-down posture the fluid surface 
will come to equilibrium at some lower level (6) and a fresh quantity of 
blood will be driven from the arterial side past the valves into the 
venous side. By rhythmic compression of the abdominal wall, blood can 
also be pumped from the arterial side past the capillaries into the 
venous side. 

The power of the belly wall to diminish the capacity of the large 
flaccid abdominal veins A V and to empty them into the thorax is shown. 
Likewise the power of the thoracic wall to simultaneously enlarge the 
capacity of the thoracic veins 7'V and thus accommodate the influx of 
blood. At the same time it can be seen that the capacity of the vessels 
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of the lungs Z will be increased by the thoracic wall and that the blood 
with slight assistance from the right heart will flow into these during 
inspiration. When expiration follows the capacity of the lungs LZ will 
diminish, the valves of the heart prevent regurgitation, and thus the 
blood is discharged into the left heart H. The greatest effect will be 
produced when a deep inspiration and therefore a great increase of capa- 
city of the lungs is followed by a violent expiratory effort with the 
glottis closed and therefore a great decrease of capacity of the lungs 
and abdominal vessels. This appears to us to be a mechanism by which 
in all violent efforts the action of the skeletal muscles is assisted. Not 
only is the thorax fixed for the pull of the thoracic muscles but by the 
rise of intra-thoracie pressure the venous outlets are blocked and thus 
the pressure in the vessels of the muscles, arteries, capillaries and veins 
rises to the static arterial pressure’. Such being the case the tension 
of the blood will increase the tension of the muscle fibres. It seems 
even possible that the blood tension within the muscle may act on the 
same principle as pertains in the Brahma press, and that by such means 
the strong man may burst the chains bound round his biceps. 

The alterations in capacity of the pulmonary vessels are at least as 
important a factor in pulmonary circulation as the right heart. ‘To the 
portal circulation the respiratory pump is of equal importance. When 
the belly wall relaxes the capacity of the portal vein PV is greatly 
increased and it rapidly fills from the mesenteric capillaries JC. When 
the abdominal wall contracts the capacity of the portal vein PV 
diminishes in common with all the other flaccid veins of the abdomen, 
and the liver is compressed. In consequence the blood is discharged 
through the hepatic capillaries into the vena cava. Without this 
respiratory assistance it is hard to see how the low pressure in the 
portal vein could maintain an efficient blood flow through the hepatic 
capillaries. It is important to note that at the moment when the 
pressure in the portal vein is greatest, owing to the pressure of the 
abdominal walls, the pressure in the hepatic veins is negative, for these 
practically open into the thorax and are widely patent, as is the vena cava 
inferior at the point where it perforates the diaphragm. By constriction 
of the splanchnic arterioles JC the arterial pressure is prevented from 
falling when the animal is placed in the vertical feet-down posture. 
When these are paralysed it can be seen how the respiratory pump can 
become the efficient compensatory mechanism, and overcome the 
hydrostatic influence of gravity. 

1 See this Jéurnal, xxt. p. 155. 1897. 
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I. HISTORICAL. 


THE results of previous workers upon this subject have not been very 
accordant. Schmulewitsch' describes two effects produced by heat 
acting on a muscle: (1) a physical effect produced as the temperature 
rises from 2°—28°C., (2) a physiological effect produced at a higher 
temperature. He states that a muscle contracts when warmed up to 
28°C., and elongates when afterwards cooled. This effect he only 
obtained on irritable muscle, but the reverse effect was obtained when 
the irritability was lost. He describes that on keeping a muscle for 
some time at 28°C. at first a contraction, followed in about 4 minutes 
by an elongation, was produced, the muscle remaining irritable the 
whole time. At 35°C. a second contraction of shorter duration than 
the preceding one was found, the muscle still remaining irritable. At 
40° or 41°C. the muscle entered into heat rigidity and then its irrita- 


' Schmulewitsch, Comp. Rend. txvui. p. 936. 1869, 
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bility was lost. The method he used was to immerse a gastrocnemius 
preparation in “normal saline” solution, which was then gradually 
warmed. In all his experiments the load was the same, viz. about 
5 grams. 

Samkowy' also found that warming a sartorius from 2°—32°C. 
caused shortening, which disappeared on again cooling if the muscle 
were still living. He was not able to obtain this result in dead muscle. 
In his experiments he used Gruenhagen’s thermotonometer*. Here 
again the load was not varied but was always low, all parts of the 
apparatus being made as light as possible. 

Gotschlich® in a very complete piece of work upon the subject 
divides the effect of heat into two parts. He found that in some cases 
heating from 30° to 32°C. caused contraction, which was followed by 
relaxation on cooling. This result was very inconstant, was quite 
independent of the presence or absence of irritability and could be 
frequently repeated, though not after heat-rigor had been produced. 
In contradistinction to Schmulewitsch and Samkowy he was never 
able to observe any contraction by exposing a muscle to 27° or 28°C., 
even for over half-an-hour. In all his cases he experimented upon a 
sartorius, in a moist air chamber under a tension of 2 to 3 grams. At 
a higher temperature, 35° to 40°C., heat-contraction sets in. He 
describes a condition of partial heat-contraction brought about by 
applying the heat for a shorter time, until only a part of the heat- 
contraction had been produced. The muscle will slowly relax from this 
contraction if the temperature be lowered, and can be made to recontract 
if warmed a second time. In this state the extensibility of the muscle 
is considerably din.inished. 


Il. Tae METHOD EMPLOYED. 


In all our experiments we have limited ourselves to either a sartorius 
preparation or a conjoint semimembranous and gracilis. These muscles 
were selected because their fibres run longitudinally and, practically, the 
whole length of the muscle. In this respect the sartorius is the more 
perfect of the two, and we have always employed this when practicable. 
The latter has the further very great advantage of being thin, so that 
where its temperature is rising or falling, due to a change in the tempe- 
rature of the surrounding medium, it is more likely to have the same 


1 Samkowy. Pfliiger’s Archiv rx. 399. 1874. 
* Gruenhagen. Pfliiger’s Archiv xxxm1, p. 59. 1884. 
’ Gotschlich. Pfliiger’s Archiv tiv. p. 109. 1893, 
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temperature throughout its whole thickness than would be the case 
with a larger muscle. It has the disadvantage that it is difficult to 
obtain satisfactory fixing points at the two extremities for those experi- 
ments where we wished to employ high loads. 

The method of heating was to immerse the muscle in a fluid medium. 
The alternative method of suspending the muscle in a moist air-chamber 
did not seem to us to offer the possibility of enabling accurate readings 
of the temperature of the muscle. The medium we at first chose was 
“normal saline” solution, but owing to the known injurious effect of 
that solution on frog’s muscle we soon came to the conclusion that it 
would be wiser to employ some fluid of perfectly neutral qualities. 
Of such fluids one might choose such as are not miscible with water and 
which would not diffuse into the muscle substance, such as mercury or 
oil, or we might adopt Locke’s gum solution, or serum, or blood. Ulti- 
mately we chose defibrinated ox-blood diluted with four times its 
volume of normal saline. We found that fresh muscles might be kept 
in this fluid for prolonged intervals without in any way losing their 
irritability or power of contraction. The only effect we have noticed is 
a staining with hemoglobin if muscles are kept in the fluid for very long 
times. It seemed to us that many of the contradictory results obtained 
by previous workers might probably be due to the fact that some worked 
with muscles immersed in salt solution, others with muscles in air. 

The record of the alteration in length was obtained by a photographic 
methud. The general arrangement of the apparatus is shown in the 
accompanying diagram (Fig. 1). The muscle under experimentation is 
firmly fixed at its lower end to the horizontal limb of an L-shaped brass 
rod the vertical limb of which is held in a stout support. To the upper 
end is attached a fine waxed cotton thread, which is employed as a means 
of applying tension and of attaching the recording lever. Loading was 
somewhat differently effected in different experiments; in some cases 
the thread attached to the upper end of the muscle passed over a 
vertically placed frictionless pulley and a weight was fixed to the other 
end; in other cases the thread was fixed to the lower end of a steel 
spiral spring suspended vertically over the muscle ; finally in those cases 
where the tension required was very low, the thread was attached to a 
lever which by means of a weight applied at the axis tended to move 
upwards, the thread being so fixed that the lever was held horizontal. 
In those cases in which much tension was employed a length of fine 
wire connected the muscle to the recording apparatus, in other cases 
waxed cotton was employed throughout. 
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The recording apparatus consisted of a small circular plane mirror 
silvered upon its external surface and rotating around a horizontal axis 


To weight 


Fig. 1. 


lying in the plane of its reflecting surface. Care was taken to reduce 
the friction at the ends of the axis toa minimum. To the back of the 
mirror was fixed, perpendicular tc the surface, a short thin brass wire 
which served as an attachment for a very light rod made of straw or 
capillary glass tubing. The length of this was varied according to the 
magnification required. Its free extremity was attached to the cotton 
or fine wire fixed to the upper end of the muscle, and so moved with 
this, producing an angular rotation of the mirror surface proportional to 
the vertical movement of ascent or descent of its free end, and therefore 
of the muscle. All that is now necessary is to record the movements of 
the mirror surface, and this is effected by throwing a beam of light upon 
the surface, the movements of which are recorded upon a travelling 
sensitive plate. The general details of the arrangement we adopted are 
seen from the figure. The light from a bright source is condensed on 
to a narrow horizontal slit, and that passing through this is collected by 
@ projecting lens, falls on the surface of the mirror and is reflected from 
this on to a long narrow slit fixed vertically in a light-tight box, inside 
which the photographic plate, held vertically, travels in a horizontal 
direction. By means of the projecting lens, the beam of light is carefully 
focussed so that a sharply defined image of the horizontal slit is 
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produced on the photographic plate. The magnification of movement 
attained is calculated by doubling the ratio between the distances of 
the mirror from the photographic plate and from the connection to the 
thread respectively. 

This method of recording movement has not yet so far as we are 
aware been applied to physiological purposes, and it seemed to us to 
offer so many advantages that if it could be readily and conveniently 
applied it might prove of much value. The work we were commencing 
was particularly suitable in one respect, because the movements to be 
recorded were slow. The method has the immense advantage that 
almost any magnification can be attained, and the higher the magnifica- 
tion required the less becomes the weight of the recording lever. 
Moreover the lever is moved from its free end, and this in conjunction 
with the small amount to which the weight of the moving parts may 
be reduced, eliminates all questions of inertia to the lowest possible 
point. 

The temperature of the muscle was judged by the readings of a 
delicate thermometer, whose bulb was immersed in the beaker of defi- 
brinated blood and brought to lie as near to the muscle as possible. 
The record of the temperature at any instant was made by blocking out 
the light for a time, varying with the rate at which the plate was 
moving. As a rule each rise of 2°C. was thus recorded in other cases 
of every 5°C.. The actual record thus appears as a break in the con- 
tinuity of the recording line. In the figures, which are copied from the 
photographs, these breaks have been omitted, the more considerable 
changes of temperature only being marked. 

Our experiments fall into two groups, the first of which deals with 
the alteration in length produced as the temperature rises from 0°C. to 
the onset of heat-contraction, and the second deals with the changes 
produced from the onset of heat-contraction to higher temperatures. 
In the first group the changes in length produced as the temperature 
rises are as a rule quite small in amount, and we have therefore recorded 
them under a magnification of either twenty or forty-fold, and in some 
cases of a still higher amount. In the second group the alteration in 
length is as a rule large and we have consequently only magnified the 
movement 10 or 15 times’. 


1 In the reproduction of our tracings for this paper the original figures have been 
uniformly reduced to one-half. Any reference to magnification in the text refers to that 
of the original tracings, and all measurements mentioned also refer to the originals. 
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III. THE CHANGES IN LENGTH PRODUCED BY A RISE OF TEMPE- 
RATURE FROM 0° TO 32°C. UNDER VARYING LOADS. 


The experiments we have to record in this connection are of two 
series. In one set a sartorious preparation was employed, in the other 
the semimembranosus and gracilis. Owing to the much smaller 
thickness of the sartorius many disturbing factors are absent in the 
experiments with it which are present in the other series. To get good 
results it is necessary to use the upper attachment to the symphysis 
pubis, and in preparing the lower end to remove, with the tendon, the 
piece of the tibia to which it is attached. 

We may state that as a general result of our experiments we find 
that with all loads a rise of temperature produces an elongation. The 
amount of elongation varies directly with the load, the change of 


| 
a4 
4 x10 = 20 
Fig. 2 Fig. 3 
6-2 20° 8 
36 
L= logr 
“20 
Fig. 4 Fig. 
4 
iv 
iv 
bad 
20° 
Fig. 8 
30 
=10 
Fig. 7 L= mgr 
Fig. 6 


EXTENSIBILITY OF MUSCLE. 359 


extensibility for a high load being much more marked than for a low 
load. We have obtained a few exceptions to this general rule, which 
we will return to later. 

In Figs. 2 to 8 we reproduce a series of tracings obtained with 
gradually increasing loads. In all these the tracings are to be read 
from left to right. The loads are respectively less than 1 gram, 5, 10, 
10, 20, 30, and 30, grams. 

In the present connection, confining our attention to that part of 
the tracing from the start until a temperature of 28°C. is reached we 
would point out the following : 

(i) They all show that elongation occurs as the temperature rises. 

(ii) In the earlier tracings, t.e. where the load was low, it is seen 
that the tracing from the start to a temperature of 28°C. is practically 
a straight line. For the later experiments the curve is convex upwards, 
though here also the first portion of the curve, up to about 20° C., is a 
straight line. We may express this in another way, viz. :— 

(a) For low loads the increase in length is directly proportional 
to the rise of temperature. 

(b) For high loads the increase in length is at first proportional 
to the rise of temperature, but between 20° and 30°C. the ratio of 
increase of length to rise of temperature gradually increases. 

(iii) The rate of increase of Jength varies with the load, and more- 
over, the rate of increase of length is very nearly proportional to the 
load. This is perhaps best seen by a consideration of the following table : 

In the seven records the increase of length as the temperature rose from 
8° to 28°C. was measured. This is given in column II. Column III gives 
the original length of the muscle. Column IV gives the increase of length 
per unit of length, which is obtained by dividing the figures in column IT by 
those in column III. The last column gives the amount of elongation 


obtained per unit of load, and is obtained by dividing the figures of column 
IV by their respective loads. 


I. 
I II Ill IV Vv 
Increase in Initial 
rise Elongation mm. 
No. of Exp. in mm in mm per mm. Scien. Amount of load 
Exp. 98 (Fig. 2) 0875 24 0037 Under 1 grm. 
» 89 (Fig. 3) “1875 32 00586 ‘00117 
4) 25 23 01087 ‘00108 10 ,, 
» 88 (Pig. 5) 25 32 0078 00078 | ee 
» 90 (Fig. 8625 32 0269 00135 20 ,, 
» 92 (Pig. 7 28 0387 00129 30 ,, 
» 93 (Fig. 8) 1-175 28 042 00140 30 
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In Figs. 9—14 are reproduced a similar series of tracings in which 
the preparation was a gracilis and semimembranosus. The loads in 
these experiments were respectively 30, 50, 70, 80, 110, and 120 grams. 
The magnification employed was 40. On the whole they show the 


same points as the previous experiments upon the sartorius but with 
certain striking differences. In the two last figures (13 and 14) the 
rate of movement of the plate was slower, so that a longer range of 
temperature is recorded. 

It is seen from these that a rise of temperature causes an elongation 
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and that, in this elongation there are two very characteristic points to 
be noted. In Figs. 9, 10,11 and 12 it is seen that the rate of elongation 
increases with the load employed, but in the other two it has again 
diminished although the load has been further increased. Whether the 
whole of this latter difference is due to the amount of extension previously 
caused by the load before the temperature was made to rise has still to 
be decided. The second point to note is, that in most there is a sudden 
change in the rate of extension at a certain point. The temperature 
at which this occurs varies to a certain degree in different muscles, but 
usually occurs from about 8° to 14°C. This sudden change in extensi- 
bility corresponds to the somewhat similar phenomenon noted in the 
sartorius experiments, the only difference being in the question of its 
suddenness in these experiments, This suddenness of change is in 
many of our tracings very pronounced, e.g. in Fig. 15, where it is seen 
to occur at 12°C. 


Fig. 17 
L=l0gr 
0-6 


Some of the differences seen in the two sets of experiments may 
possibly be due to the fact that in the sartorius experiments fresh 
diluted ox-blood was employed as the immersion fluid, whereas in the 
others the preparation was immersed in 0°65 °/, NaCl solution. 
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We have already noted that we have observed one exception to the 
general result that a rise of temperature from 0° to 30°C. causes an 
elongation. This difference we have found consists in a contraction as 
the temperature rises if the tension of the muscle be very low. In 
Fig. 16 we reproduce one of these tracings. The magnification is 
40-fold and shows marked contraction as the temperature rises. The 
preparation is a semimembranosus and gracilis. We have also seen 
some indication of a similar effect using a sartorius stretched by a very 
slight load, but although we have made several attempts to obtain 
a typical tracing from a sartorius, taking all precautions, we have 
invariably failed. We are inclined to ascribe it to an action of “normal 
saline” upon the muscle rather than to the simple action of heat. We 
have determined that it is not in any way a question of alteration in 
irritability. A sartorius which has lost its irritability by rough handling, 
or any other means, gives just the same tracing as one possessing normal 
irritability. 

There is one other exceptional result which we might here record. 
It is given in Fig. 17. The preparation was a semimembranosus and 
gracilis immersed in 0°65°/, NaCl solution and weighted with a load of 
10g. The record shows a contraction as the temperature rises from 
0°C. to 10°C., which is at once followed by an elongation. We have 
never observed this result a second time though we have attempted 
to repeat exactly the same conditions. 


IV. THE CHANGES IN LENGTH PRODUCED BY A RISE OF TEMPERATURE 
ABOVE 30° C. 


These experiments are directed especially to a study of some of the 
phenomena associated with the production of a heat-contraction, and 
therefore particularly include the questions, of the temperature at which 
it commences, the way in which it is modified by varying the load, a 
measurement of the absolute force which it can exert and its true 
causation. The experiments have been carried out on the same two 
preparations as those in the previously described experiments. Figs. 
18—27 are tracings of the results obtained from gracilis-semimembra- 
nosus preparations, and throughout the series the load is a gradually 
increasing one. The magnification is 6°7. In some of the tracings the 
temperature record is every 5° C., in others every 10°C. 

In an examination of the series the first point that we may note is 
the temperature at which the first sign of shortening is to be detected, 
This is seen to be somewhat variable for individual muscles. In Fig. 22 
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it is seen to be delayed as late as 37°C. In Fig. 19 it is seen to 
begin as early as 28°C. We have performed many experiments in 
order to determine exactly the point at which shortening commences 


Fig. 24 


and have found that it is a very variable one for different muscles. 
The conditions which we have been able to show produce differences 
in the result are; (1) differences in individual muscles, (2) the rate at 
which the temperature rises, and (3) the amount of the load. 

Muscles from different frogs give variable temperatures of heat- 
contraction which may extend over 2°C. If the rise of temperature be 
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very slow we have generally, though not universally, found that the 
earliest sign of contraction is noted at a lower temperature. Lastly 
many of our experiments tend to show that with very high loads the 
first sign of a contraction is only to be noted at a much higher tempe- 
rature. This latter point, we think, is readily explicable by the fact, 
that as well as the question of actual shortening of the muscle there is 
the second factor to be taken into account, viz., that at the temperature 
of heat-contraction there is a very sudden change in extensibility which 
becomes markedly increased. As a general statement we may say that 
the usual temperature at which contraction first commences is about 
32° C., and that it is usually very well marked at 34° C. 

A study of the actual contraction itself offers points of interest in 
connection with the amount of contraction, its force, and the rate at 
which it is effected. In Fig. 18 the load was 60 g., and the muscles 
contracted $ ths of their initial length. In Fig. 21 the load was 120z., 
and the muscles contracted %ths of their initial length. We have in 
many cases with a low load found that a muscle may contract to 
less than half its original length. With a low load, the amount of 
the contraction may be distinctly greater than the amount produced by 
maximal tetanisation. The rate of the contraction is also found to vary, 
the higher the load the slower becomes the contraction and the quicker 


it ceases. As the load is increased the amount of the contraction falls — 


until we see in Fig. 23 that it is almost completely prevented, and in 
Fig. 24 that it is quite absent. 

Associated with the diminution in the amount of contraction as the 
load is increased it becomes of interest to determine the total amount 
of work performed by the muscle in each of the cases. The results are 
not strictly comparable because of the necessity of employing a fresh 
frog for each experiment, so that in order to get rather more com- 
parable results we have in each case weighed the muscle and have 
thus been able to express the result as so mahy grm. mm. of work 
per 1 grm. of muscle. The results are presented in the following table. 


Taste II. 

Total work Ww Work lg. of 

in g.mm. in 
Exp. (Fig. 9 725-37 *386 1879-2 
» (Pig. 19 720-89 342 2107°9 
w (Fig. 20) 573°13 332 17263 
(Big. 21) 752°24 385 1953-9 
a (Fig. 22) 671-64 ‘370 1815°3 


B Big. 23) 55-97 “480 116-11 
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These experiments also enable us to determine the absolute force of 
the contraction. Thus in Fig. 23 the weight of the muscle was 0°48 g., 
its length was 29°25 mm. and therefore its average diameter was 
15°407 sq. mm. (taking the sp.gr. at 1066). The load which almost 
prevented the contraction was 250g. and consequently the absolute 
force per mm. of muscle, as calculated from this particular preparation, 


is somewhat above = 16°23 grms. per sq.mm. A similar calcu- 


lation based on the result in Fig. 24 gives it as 20°04 grms. per sq. mm. 
Other calculations, but from the sartorius, based on the experiments 
which yielded Figs. 7 and 8 gave the result of 19°47 grms. per sq. mm. 

If the load be still further increased, as in Figures 25, 26, and 27, a 
new change becomes apparent, for it is found that at the temperature 
at which heat-contraction usually appears, or at a temperature a little 
higher, there is a sudden change in the rate of elongation, which is 
in many cases very marked (Fig. 25). This change of rate is always 
in the direction of showing an increase in the extensibility. If the load 
be pushed to a still higher degree we found that the influence of a 
temperature rise was to lead to so marked a degree of extensibility 
as to quickly lead to a rupture through the muscle substance at quite a 
low temperature (24° C., see Fig. 27). 

With regard to the point at which heat-contraction ceases we find 
that there is no connection between it and the temperature at that 
instant. We have previously shown that a muscle may be made to 
complete the whole of its heat-contraction at the temperature at which 
that contraction first shows itself. We also showed the time required 
to complete that contraction was much less at a temperature of about 
40° C. than at one of 34°C. Consequently even with a rapidly rising 
temperature we never find that the contraction increased much after 
40° C. had been reached. 

In Figs. 283—32 we have a similar series, where the preparation 
employed was the sartorius, which show practically the same points as 
in the previous set. In Fig. 31 where the load was 25g. the contrac- 
tion is nearly abolished, and in Fig. 32 where the load was 30 g., it is 
completely prevented, and replaced by an increase in the extensibility. 
The results by the sartorius preparations are certainly better in that 
being so thin the temperature at each instant is much more nearly 
the same throughout the whole muscle. This is, perhaps, particularly of 
value in the experiments with high loads. 

We may further point out that some of these later tracings are 
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supplemented by earlier ones, ¢.g. Figs. 7 and 8, where ee the 
magnification is different (20 instead of 65). 


To compare with the previous set of experiments upon the semi- 
membranous and gracilis the following table gives the amounts of 
work performed in the experiments of Figs. 28 to 31. 


Tasre III. 
t of Amount of 
load in grms. in grm. mm. 
Exp. : (Fig. 28 2 20°3 
eS h (Fig. 29 10 53°7 
i (Fig. 30 15 17°9 
» m (Fig. 31 25 3°73 


From the two last tables and from a general consideration of all our 
experiments it is seen that at first as the load is increased the amount 
of work performed by a muscle as it produces a heat-contraction also 
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increases until an optimum load is reached, at which a maximum 
amount of work is performed. If the load is progressively increased 
beyond this point, the amount of work gradually diminishes until at 
last a load is reached at which no work is performed. 

There are still one or two other points to be noted in the tracings, 
and especially with regard to the results observed when the temperature 
has passed above 40° C., i.e. when the muscle has passed into a state of 
complete heat-contraction. We have previously recorded the fact that 
where the load is very low, e.g. under one gram, that there are produced 
three successive further contractions occurring respectively at about 
— 48°C., 56°C., and 65°C. (see Fig. 33). It 
now remains to consider what are the 
results when the load is increased. A 
very slight increase of load suffices to 
prevent the occurrence of these later con- 
tractions. They possess, that is, so small 
an amount of force that they are unable 
to make themselves felt in a muscle which 
is already contracted to a considerable 
degree. In most of the tracings it is seen 
that where the load is low, but above one 
or two grams, the tracing beyond about 
40°C. is a straight line parallel to the 
zero abscissa (Fig. 28). When the load ~ 
is further increased (Fig. 29) it is seen that, as soon as the main con- 
traction is fully completed, an elongation tends to set in, which becomes 
much more pronounced at those temperatures at which further contrac- 
tions were produced by muscles in which the tension was reduced to 
@ minimum (see also Fig. 30). With still higher loads we find yet 
another result obtaining, viz, a rupture of the muscle. This is well 
seen in Figs. 19 to 27. As the load increases the extension produced 
by a rise of temperature above that at which contraction ceased 
becomes more and more pronounced, and leads ultimately to a rupture 
of the muscle. This rupture is more particularly liable to occur at those 
temperatures—or rather slightly above them—at which heat-contrac- 
tions are produced. When they occur they are found to divide the 
muscle through its substance, and not at the attachments to the tendon, 
if sufficient attention has been paid in the preparation of the muscle to . 
the protection of the tendinous attachment and the adjustment of the 
thread without injury to the tendon. 
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V. SoME EXPERIMENTS UPON THE CHANGES IN ELASTICITY AND EX- 
TENSIBILITY OF INDIARUBBER CAUSED BY A RISE OF TEMPERATURE. 


In the course of our experiments upon muscle we felt the great 
desirability of being able to contrast them with control experiments 
of a similar nature carried out upon some elastic and extensible 
substance other than an animal tissue. The first substance that 
suggested itself was gutta-percha, and upon the effect of heat upon 
this we were only able to find some experiments by Joule’ and by 
Schmulewitsch* In 1857 Joule published some results obtained 
with vulcanized indiarubber. He found that when it was stretched 
by a weight its temperature rose, and when the load was removed 
its temperature fell. This led him to an examination of the effect 
of heating a loaded piece of indiarubber. He found that if a piece 
was stretched to double its length that it contracted about »j,th by 
raising the temperature to 50°C. This shortening effect was found 
to increase in amount with the stretching weight employed, exactly in 
accordance with the heating effects observed with different stretching 
weights. It thus behaved exactly in conformity with Thomson’s 
theoretical considerations upon the shortening or lengthening of a 
body when heated, if that body develops heat or loses heat when 
it is stretched. 

Further experiments in this direction were carried out by Schmule- 
witsch, who confirmed Joule’s observation of the contraction of india- 
rubber as the temperature was raised, but further showed that if it 
was unstretched the effect of heat was to produce an elongation. He 
pointed out that there was a certain tension for a given piece of rubber 
at which it neither elongated nor contracted when warmed. He showed 
too that if subsequently cooled the rubber only returned to its initial 
length after a prolonged interval of time, and that if the temperature 
had been taken much above 50°C. a permanent change was always set 
up which expressed itself as a marked increase in extensibility. 

In our experiments we have throughout employed pure non-vulcan- 
ized indiarubber. We have confirmed the results of Joule and of 
Schmulewitsch and extended them in certain directions. Figs, 34 to 
38 give some of the typical records we have obtained. The magnification 


1 Proc. Roy. Soc. vim. p. 355. 


2 Vierteljahreschr. d. naturforsch. Gesell. in Zurich. x1. p. 201, 1866; Bull. de Acad: 
de St Pétersbourg x1v. p. 517, 1870; Centralb. f. d. mediz. Wiss. v. p, 183, 1867. 


3 
4 
7 
- 
} 
4 
> 
a A 
' 


EXTENSIBILITY OF MUSCLE 369 


in Fig. 34 was 107°36 times, in the others 15. In Fig. 34 the tension 
employed was only just sufficient to keep the piece of rubber 


as” 90° 


Fig. 38 


| 


straightened out, and we see that as the temperature rose it elongated, 
though the amount of that elongation was very small. We had to 
take a longer piece of rubber than in any of the other experiments, 
and the magnification had to be very high in order to get any well- 
marked elongation. 

In the next three experiments, 35, 36 and 37, the rubber was 
previously stretched. In 35 it was stretched from 2cm. to 4cm., which 
required for the piece of rubber we used a load of 94 grams. In 36 a 
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piece of the same rubber was stretched from 2 cm. to 7-1 cm. requiring 
a load of 164 grams. In 37 another piece was stretched from 2 cm. to 
10 cm. requiring a load of 240 grams. From an examination of these 
tracings it is at once seen that an increase in the tension produces 
a greater contraction with a given rise of temperature. This is well 
brought out in the accompanying table. Passing next to a still higher 
tension we found that the contraction began to diminish in amount 
until at last it resulted in an elongation. This last result is well seen 
in Fig. 38. There lcm. of rubber was stretched to 82 cm. requiring 


_ @ load of 384 grams, and we found that this produced a very marked 


Tasie IV. 
I II IV VI 
Length Len Load per on of per om of 
in 
in oms. aes in original length stretched rubber Amount of 
orrubber stretched grams _% work in 
=1 =I =L grm, mm. 
Exp. 33 (Fig. 34) 5°8 5°8 0 + 00305 + 00305 0-0 
41 (Fig 35) 2-0 4-0 94 04166 02083 + 78 
» 42 (Fig. 36) 2-0 71 164 — 14666 04133 + 381 
” 43(Fig. 37) 20 100 240 —-24166 +1160 
44 (Big 38) 10 82 384 +4666 + 057 ~179-2 


elongation, ultimately resulting as the temperature rose ahove 60° C. 
in rupture. 
These results we have collected together in the form of Table IV. 


In the first column is the length of rubber taken; in the second, the 
length of the rubber under the influence of the load; in the third, the load 
applied ; in the fourth, the amount of alteration in length produced by a rise 
of temperature through 30° O. expressed in cms. per cm. of unloaded rubber, 
elongations being shown by a +", contractions by a —"* sign; in the fifth 
column is the change in length in cms, per 1 cm. of length of the loaded 
rubber at the start of the experiment. 


An examination of the vth column of this table tends to show that 
the amount of contraction produced increases with the load very rapidly, 
and this becomes all the more striking if we view it in conjunction 
with the fact that with the higher tensions the transverse sectional area 
of the pieces of rubber become proportionately diminished. The trans- 
verse sectional area does not diminish proportionately to the amount 
of elongation produced but at a somewhat less rate, for as is well known 
the volume increases as the rubber is stretched. 

We may very readily apply the main correction to the figures in 
column Vv. required by the change in sectional area, if we act on the 
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supposition that the amount of power to contract, or elongate, is 
directly proportional to the transverse sectional area. That is, we 
leave out of consideration the increase in volume due to an elongation, 
and the changes in sectional area occurring during the small alterations 
in length, during the actual experiment. These two factors would only 
prodnce quite a small effect on the resulting figures, and moreover they 
would act in opposition to one another in the three middle experiments, 
but in the same direction in the first and last. If this be done in this 
way, we shall of course get the figures of column Iv. which may there- 
fore be also taken to represent the amounts of contraction or elongation 
in ems, per 1 cm. of length per unit of transverse sectional area, taking 
this last unit as that of the sectional area of the piece of rubber when 
unloaded. 

In the last column (vI.) are placed the amounts of work either 
performed by the rubber (positive work) or performed by the load 
upon the rubber (negative work). These are of course obtained by 
multiplying the load by the change in length. 


VI. Criticism AND CONCLUSIONS. 


We have carried out several experiments with the special object of 
determining whether the statement made by Schmulewitsch that 
irritable muscles gave a contraction followed by a relaxation when the 
temperature rose to 28° C. and again when it attained 32°C. We have 
invariably found that such does not occur, and thus can confirm 
Gotschlich upon this point. Irritable and non-irritable, curarised and 
non-curarised gave always the same result. 

The fluid in which they were immersed also made no difference, for 
the same result was obtained when “normal saline” was employed as 
when diluted blood was used. ‘We have made some experiments 
to directly test whether the contraction at 30°C. described by 
Gotschlich as sometimes observable, could be always obtained if the 
load was sufficiently decreased. We could always observe a very small 
contraction at 30°, either in salt solution or in blood, but relaxation 
never followed on cooling when the load was under 1 gram. If after 
such a contraction the muscle be extended, passively, to its initial 
length a second warming to 30°C. caused a fresh contraction. The 
lower limit at which this contraction was observed was 29°C. 

Our conclusions _ be briefly summed up in the following 
statements :— 
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1. As a muscle is warmed from 0°C. to 30°C. it elongates, 
becoming more extensible for al! loads. 

2. The amount of the elongation varies directly with the load. 

3. The rate of elongation is almost constant for low loads. For 
higber loads there is either a gradual increase in the rate as the 
temperature rises, or there is a sudden alteration in the rate at a 
definite temperature, usually at about 12°C. 

4. From these we may deduce the fact that a muscle becomes 
more extensible as the temperature is raised from 0°C. to 30°C. 

5. At about 34°C. heat-contraction sets in. The temperature is 
not exactly the same for all preparations. 

6. The amount of work done during this contraction increases at 
first rapidly, with the load, then diminishes as the load is further 
increased until at last it is reversed, negative work, t.e. work performed 
by the load upon the muscle, suddenly setting in as that temperature 
is reached. 

7. The absolute force of that contraction amounts to about 20 grms. 
per sq. mm. of transverse section. 

8. At the temperature of heat-contraction there is produced a 
sudden change in extensibility, in the direction of increase. 

9. At each of the other temperatures at which proteid coagulation 
occurs in a muscle, i.e. at 47°C. and 56° C., there i is a further sudden 
increase in its extensibility. 

10. All these changes are physico-chemical in nature, they are 
quite independent of irritability, are produced just as well in a 
thoroughly fatigued muscle, even by one in a fairly advanced stage of 
rigor-mortis. Curare makes no difference to the result, 

11. Unloaded pure indiarubber elongates as its temperature is 
raised, 

12. If the load be increased it contracts, and the amount of 
contraction at first increases with the load, and then decreases. 

13. If the load be still further increased elongation is produced 
by a rise of temperature. There are, consequently, two loads at either 
of which the length remains constant as the temperature rises, the one 
is low, the other very high. 


[The expenses of this research have been defrayed partly by a grant 
from the British Medical Association, partly by one from the Govern- 
ment grant of the Royal Society. ] 
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ON THE REACTION OF THE INTESTINE IN RE- 
LATIONSHIP TO INTESTINAL DIGESTION. By 
B. MOORE anp D. P. ROCK WOOD. 


(From the Physiological Laboratory of University College, London.) 


THE old view, which had almost passed into tradition, that the reaction 
of the chyme changes from acid to alkaline in the upper part of the 
intestine has recently been much contested. 

A directly opposite opinion has been advanced in recent years and 
has already obtained many adherents. 

This is that the hydrochloric acid of the gastric juice is neutralized 
in the upper part of the small intestine by the alkaline secretions there 
poured in, but is replaced by organic acids which are formed by bac- 
terial decomposition (chiefly of carbohydrates) more rapidly than they 
can be neutralized by the alkaline succus entericus. So that the contents 
of the small intestine have an acid reaction along its entire length from 
pylorus to cecum. 

Many points of great importance are raised by this new view which 
call for a speedy decision of the matter. 

In the first place nearly all artificial digestion experiments on the 
action of the pancreatic and intestinal enzymes and the products formed 
thereby have been carried on in alkaline media, on the supposition 
that in the body these agents act in an alkaline fluid. If it is settled 
that the intestine has everywhere an acid reaction, all future experi- 
ments must be conducted in correspondingly acid media. 

Secondly, if the acid reaction be due to strong organic acids such as 
acetic and lactic acid, fundamental changes are necessary in our notions 
of absorption. In the presence of excess of such acids, the alkaline 
succus entericus would no longer be available for converting the fatty 
acids formed from the neutral fats into soaps. In such an acid fluid 
little or no emulsion of fats or fatty acids could take place, and nearly 
all the fat of the food must be absorbed as dissolved fatty acids. Again, 
the succus entericus is an alkaline fluid and is secreted in some quantity. 


PH. XXI, 25 


4 
4 
L 
af 
| 
‘ 


- 


374 B. MOORE AND D. P. ROCKWOOD. 


To neutralize this and leave an excess of acetic or lactic acid free would 
necessitate the useless breaking down of a considerable fraction of the 
carbohydrate food and its absorption in the form of acetates and lactates. 
This extensive absorption of organic salts and its effects on metabolism 
would require careful investigation. 

The opinion that the contents of the small intestine are acid 
throughout the entire length is chiefly based on observations made 
in man on three cases of fistula of the lower end of the ileum. 

In the first case’ the fistula was probably situated in the lower 
third of the small intestine. Through it there continuously flowed a 
fluid, with a slight fecal smell. The reaction of this fluid was neutral 
or very faintly acid, never alkaline. 

In the second case’ a fistula had been established at the lower end 
of the ileum. The fluid continuously voided through the fistula was 
always acid in reaction, the acidity being equal to 1 part per 1000 of 
acetic acid, and most of the acid was acetic acid. 

The third case* was a chronic one of anus preternaturalis. Similar 
results to those described in the second case were obtained. 

These three cases seem to us scarcely sufficient to warrant the 
important conclusion which has been drawn from them, that normally 
the human intestine is always acid from pylorus to cecum. 

In the first place the number of observations is too small to decide 
the matter. 

Again, it has not been shown that the intestines of such patients 
are in a normal condition. That the patients felt well after the 
operations and kept up their weight is no conclusive evidence in this 
direction, since all this might happen and an excessive amount of 
bacterial digestion be going on in the intestine. 

Lastly, the fact that the fluid flowing from the artificial anus had 
an acid reaction is by no means clear evidence that it possessed an 
acid reaction all the way from the pylorus to this point. It is not 
denied by anyone that vigorous bacterial growth goes on in the large 
intestine, as a consequence of which the contents are often strongly acid. 

In many of our experiments on animals we have noticed a very 
sudden sharp change from alkaline to acid in the reaction at the com- 


1C.A.Ewald. Virchow’s Archiv, uxxv. 8: 409. 1879. 
* Macfadyen, Nencki, and Sieber, Arch. f. exper. Path. u. Pharm. xxv. 8. 811, 
1891; Journ. of Anat. and Physiol. xxv. p. 890, 1891. 


* Jakowski. Arch. d. Soc. biol, d. St. Pétersbourg, 1892, 1, p. 8389; Ciechowski u. 
Jakowski, Arch. f. klin. Chirurgie, xuvim, 8, 186. 1894. 
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mencement of the large intestine. The reaction may be strongly 
alkaline just above the ileocwcal valve, and yet on the other side, in 
the cecum or upper end of the colon, as markedly acid. 

Now in the three experiments above quoted the lower end of the 
ileum leading to the fistula was situated to the outer world in just the 
same position as is nominally the large intestine. There is no obvious 
reason why the lower end of the ileum should not become the seat of 
increased bacterial action under such circumstances, just as does the 
large intestine naturally. So that the fluid escaping from the artificial 
anus might be acid, while higher up the intestine where bacterial action 
was held in abeyance or had not sufficiently developed in the chyme, 
the reaction might be strongly alkaline. 

The number of experiments which have been made on animals with 
the specific object of determining the reaction of the intestines is 
surprisingly small. Various authors incidentally mention that the 
intestine is alkaline or assume that it is so in stating different theories, 
but few have experimented at all extensively on the subject. 

Tiedemann and Gmelin’ in 1826 found that the contents of the 
small intestine of the cat and dog were always acid in the upper half, 
but less so than those of the stomach ; that the acidity decreased in the 
lower half and usually entirely disappeared in the lower third. Their 
experiments on these animals further show that the amount of acidity 
is greatest after feeding on fat (butter), less so on meat, very faint and 
confined to the upper part only on a purely carbohydrate food (rice and 
potatoes 


). 

In the horse, after feeding on boiled starch, only the contents 
of the upper half of the intestine reddened litmus; while, after a meal 
of oats, the entire small intestine was acid. In a calf, after feeding 
on milk, the upper two-thirds were of moderately acid reaction, the 
lower third of faintly acid reaction. In sheep, fed on oats and straw, 
litmus solution was only faintly reddened in the duodenum and a 
short way beyond; in all the rest of the small intestine red litmus 
was turned blue. 

Cash* in 1880 made a small number of experiments on the reaction 
of the intestine in the dog during the digestion of a mixture of fats 
and carbohydrates, and of fats alone. In three experiments, the animals 
were fed on a mixture of olive oil, lard, and boiled starch; in two 


1 Die Verdauung nach Versuchen, Heidelberg and Leipzig, Bd. 1. 8. 349. some, 
2 Arch. f. Anat. u. Physiol. (Physiol. Abth.), 1880, 8. 823. 
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others, on lard and olive oil alone. In all five experiments the reaction 
was found to be distinctly acid to litmus paper from pylorus to cecum. 

Langley’ in 1882 stated that in rabbits, taken at various stages 
of digestion, the intestinal contents were usually alkaline within a few 
inches of the pylorus. The acid reaction never stretched farther than 
the entrance of the pancreatic duct, past this the reaction became more 
and more strongly alkaline. The reaction in the cecum was slightly 
acid, and the acid reaction was rapidly lost in the large intestine. 

Vaughan Harley? in 1895, in studying the normal absorption of 
fats and the effects on it of extirpation of the pancreas, incidentally 
made a few experiments on the reaction of the intestine in the dog, 
cat, and rabbit after different foods. He divided the intestine into 
an upper and lower half and tested the reaction in each of these halves. 
Five experiments are recorded in the dog. In all five the reaction 
was found to be acid in both halves. Three of the experiments were 
made after feeding on milk, one after meat, and one after biscuits. One 
experiment only is recorded on the cat, in which the reaction was found 
to be acid in both halves after feeding on meat. Two experiments 
on rabbits gave a similar result; in one of these the animal was fed 
on greens, in the other on oats. 

In a former communication to this Journal’ we gave the result of 
a number of experiments on the reaction of the intestine in the dog 
and white rat after feeding on fat (beef suet). In sixteen experiments 
on the dog, the reaction of the contents was only found to be acid all 
the way in one; in the other cases the reaction changed to alkaline 
at a varying distance along the intestine. In six experiments on the 
white rat the reaction was alkaline nearly all the way; in all but one 
case quite from the pylorus. 

We have since then extended our observations to other animals fed 
on different kinds of food, and propose in this paper to give a summary of 
our results and the conclusions which we think may be drawn from them. 

Method of procedure. The animals were placed under diet for a 
period of three to seven days. On the day of the experiment the time 
of feeding in the morning was noted, and after the lapse of a certain 
number of hours the animals were killed by chloroform. The abdomen 
was freely opened, the pancreas separated from the intestine, a ligature 
placed on the pylorus, another two to three inches down and so on 
for about a foot of the intestine. Lower down the ligatures were 


1 This Journal, 11. pp. 261, 267. 1882. ® This Journal, xvi. p. 1. 1895. 
3 This Journal, xx1. p. 58. 1897. 
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placed at wider intervals till the cecum was reached; here a ligature 
was placed, another at the lower end of the large intestine, and the 
whole intestine was removed by snipping along the mesentery. The 
intestine was placed alongside a measuring tape and the position of 
the ligatures so ascertained. The pieces of the intestine were then 
opened in order and the contents received in small clean porcelain 
dishes, and the reaction at once determined to litmus papers (blue and 
red), litmus solutions, and methyl orange. All these operations were 
carried out with as much dispatch as possible, and did not occupy more 
than 5—10 minutes after the death of the animal. The condition and 
reaction of the stomach were always ascertained ; it invariably contained 
some food and had a strong acid reaction to all our indicators. The 
ligatures were placed more closely at the upper end of the intestine in 
order to obtain a close approximation to the point at which the reaction 
changed. It is noteworthy that in many of our experiments the 
contents of even the first piece of intestine («e. the first two or three 
inches) were strongly alkaline. The reactions of the contents of the 
cecum and large intestine were also taken when their high colour did 
not render this impossible. Care was in all cases taken to thoroughly 
mix the contents so as not to obtain a surface reaction. 


Summary of Results. 
A. Experiments on rabbits. 


Weight Nature of food Time of digestion Reaction of contents 
1-65 kg. Oats 8 hrs. Pylorus to cecum, alkaline; cecum 
acid ; large intestine, alkaline. 
2°15 ,, aa 8 hrs. 30 min. lorus to 54 inches, acid ; By — 134" 
cecum) alkaline ; cecum, acid ; large 
intestine, alkaline. 
1-75 ,, > 7 hrs. Pylorus to cecum, alkaline ; cecum, 


alkaline ; large intestine, alkaline. 
1:85 ,, Green cabbage 7 hr. 30mins. Pylorus to cecum, alkaline; cecum, 
leaves oe large intestine, alkaline. 
2°25 ,, mi 8 hrs. Pylorus to cecum, alkaline ; cecum, 
| acid ; large intestine, alkaline. 
14 ,, Boiled peas 4 hrs. 45 min. Pylorus to cecum, alkaline; cecum, 
acid ; large intestine, acid. 
1°25 ,, ss 5 hrs. 30 min. Pylorus to cecum, alkaline; cecum, 
alkaline ; large intestine, alkaline. 


B. Zaperiments on guinea-pigs. 
Weight Nature of food Time of digestion Reaction of contents . 
450 gms. $$ Oarrots 5 hrs. Pylorus to cecum, alkaline ; cecum, 
acid ; large intestine, acid. 
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Weight Nature of food Time of digestion Reaction of contents 

485 gms. Boiled peas 7 hrs. 30 min. Pylorus to cecum, alkaline; 
cecum, alkaline ; large intes- 
tine, could not be determined. 

400 ,, 7 hrs. 45 min. Pylorus to cecum, alkaline ; 

| cecum, alkaline ; large intes- 

tine, upper end, alkaline, lower 
end could not be determined. 

435 ,, Bread and milk 5 hrs. 15 min. Pylorus to cecum, alkaline; 
ceecum, acid ; large intestine, 
strongly acid. 

570 » hrs. 30min. Pylorus to cecum, alkaline; 
cecum, alkaline ; large intes- 
tine, acid. 


Kaperimenis on white rats. 


Weight Nature of food Time of digestion Reaction of contents 
= Boiled rice 5 hrs. Pylorus to cecum, alkaline ; 


cecum, alkaline ; large intes- 
tine, alkaline. 

— Bread & water 6 hrs, Pylorus to cecum, alkaline; 
cecum, acid; large intestine, 
acid. 

— 7 hrs. Pylorus to cecum, alkaline ; 
acid. 

— Cat’s meat 4 hrs. 30 min. Pylorus to cxcum, alkaline ; 
cecum, alkaline; large intes- 

tine, alkaline. 

4 hrs. 45 min. Pylorus to cecum, alkaline ; 
cecum, alkaline ; large intes- 
tine, alkaline. 


D. Eaperiments on cats. 
Weight  Natureoffood Time.of digestion Reaction of contents 
1:9 kg. Bread & water 4 hrs. Pylorus to 3 inches, empty ; 
3—8 inches, neutral or faintly 
acid ; 8—14 inches, acid ; 14 
—62 inches (cecum), alkaline ; 
large intestine, strongly acid. 


' In this animal, the pancreatic duct had been ligatured about three months previously 
by Prof. Sc hafer, and the head of the pancreas detached from the duodenum. In spite 
of this the contents of the intestine as shown above were alkaline from 14 inches below 
the pylorus onward; also the alkalinity increased as the distance from pylorus increased, 
and was very strongly marked in the lower end of the ileum. 


| 

intes- 
i 


INTESTINAL REACTION. 379 


Weight Nature of food Time of digestion Reaction of contents 


265 kg. Bread & water 4 hrs. In this animal, the contents of 
the intestine were strongly — 
acid all the way from pylorus 
to rectum. It is the only 
experiment in the series in 
which such a result was ob- 
tained. 
3°25 ,,'  Oat’s meat 3hrs 15 min. Pylorus to 4 inches, empty; 
| 4 to 32 inches, alkaline (near- 
ly empty); 32 to 58 inches 
cecum) alkaline ; large intes- 
tine, acid. 
3°35 ,, m ua 5 hrs. 30 min. Pylorus to cecum, neutral or 
very faintly alkaline; large 
intestine, acid. 
Har boiled 5 hrs. Pylorus to cecum, alkaline 
white of egg increasing down- 
wards) ; large intestine faint- 
ly acid. 


| E. Haperiments on dogs. 
Weight Nature of food Time of digestion Reaction of contents 


kg. Bread & water 4hrs. 30min. Pylorus to rectum, alkaline. 
6 hrs. 15 min. Pylorus to rectum, alkaline. 
99 4 hrs. 45 min. to cxcum, alkaline ; 


hrs. 30 min. Pylorus to 4} inches, acid ; 
44 to 7 inches, alkaline ; 7 to 
inches, empty; 20 to 70 
lg (cecum) strongly alka- 

; large intestine, alkaline. 

50 ,, Cat's meat 4 hrs. 45 min. to 21 inches, acid ; 
21 to 54 inches (cecum) alka- 
line ; large intestine, alkaline. 

116 ,,% Bread & milk 6 hrs. Pylorus to 41 inches, acid ; 41 
to 48 inches neutral; 48 to 
93 inches (cecum) alkaline ; 

cecum and large intestine, 

strongly acid. 


1 This animal contained five nearly ripe footuses. The reaction of the parts of the 
intestinal canal in these was determined. The stomach contained a clear viscid fluid of 
alkaline reaction; the small intestine, a clear yellow fluid of strong alkaline reaction; the 
large intestine, a mass of meconium of which the reaction could not be determined. 

* The reactions in this experiment so closely approximate to those obtained after 
feeding on beef suet, that we believe the acid reaction to be due to dissolved fatty acid. 
No acid reaction was obtained with a solution of methyl orange, which clearly indicated 
one part in two thousand of acetic acid. 
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CoNCLUSIONS. 


1. Under normal conditions the contents of the intestines are not 
acid throughout the entire length in the animals upon which we have 
experimented. In only one of the 29 experiments was an opposite 
result obtained. In this case, we believe the acid reaction was due to an 
abnormal amount of bacterial action, since the acidity increased with 
the distance along the intestine. In another cat in which the pan- 
creatic duct had been ligatured, and hence the alkalinity might have 
been expected to have been less, we did not obtain a like result with 
a similar diet of bread and water; on the contrary, more than the lower 
three-fourths had an alkaline reaction, increasing in intensity towards 
the czcum, and becoming very strongly marked at the lower end of 
the ileum, Attempts were made to obtain further experiments on 
the cat with this diet, but we could not induce the animals to take 
the food. 

2. The alkalinity of the intestinal contents is much greater in 
herbivora than in carnivora, This is not expressed in the above 
summary of results, but is obvious in making the experiments. On 
feeding carnivora on carbohydrates (bread and water), the alkalinity, 
however, becomes greatly increased and may in some cases become 
equal to that observed in herbivora. This was observed in three of 
the four experiments on dogs after bread and water quoted above, in 
the other case it was not so marked. It was also the case with the 
cat with ligatured pancreatic duct. 

3. The different classes of food produce different degrees of 
alkalinity. Fats induce an acid reaction through the greater part of 
the intestine in the dog. But in the guinea-pig, as in the white rat, 
the reaction remains alkaline. In a previous communication it has 
been pointed out that this acid reaction is due to weak organic acids 
which do not affect methyl orange, for these contents, acid to litmus, 
give a marked alkaline reaction with this indicator. We believe this 
shows that in the dog fats are absorbed partially as dissolved fatty acids 
and partially as soaps, while in the white rat and guinea-pig they are 
entirely absorbed as soaps. Carbohydrate food (bread) as already 
stated, greatly increases the alkalinity’. Proteid in the form of boiled 
lean horse-flesh, usually gives an acid reaction in the upper part of the 


1 This agrees with the observations of Tiedemann and Gmelin, loc. cit. 
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intestine’, and a faint alkaline reaction in the lower part in the dog 
and cat. In the white rat it gives an alkaline reaction throughout. 
The reactions are here difficult to determine on account of the very 
/black colour of the contents, which are always very scanty. In one 
experiment in the cat after hard boiled white of egg, the reaction of 
the contents was strongly alkaline all the way to the cecum, but 
especially so near the cecum. The contents were a thick yellow 
coloured paste or jelly containing in the upper part small pieces of 
undissolved white of egg. 

4. These experiments further indicate that, contrary to current 
theory, very little bacterial decomposition of carbohydrates takes place 
in the small intestine. 

In the first place, the alkalinity commonly increases as the intestine 
is descended, instead of diminishing as it might be expected to do if 
any considerable fermentation of carbohydrates with accompanying 
production of acetic and lactic acids were taking place. 

Secondly, the alkalinity is increased by carbohydrate food, instead 
of being diminished as it would be if this were attacked by bacteria 
and decomposed into organic acids. Again, in herbivora which consume 
carbohydrate food in large quantities, the small intestine is much more 
alkaline than in carnivora, which normally consume none. Also this 
alkaline reaction in herbivora persists undiminished till the cecum is 
reached, where the reaction changes to acid, showing that this is the 
main seat of bacterial action on carbohydrates as well as proteids. In 
carnivora, the change to acid reaction as the ileo-cecal valve is passed, 
though by no means constant, is often observed, and when the change 
does occur it is quite-sudden. An equally sudden change in the 
intensity of bacterial action on carbohydrates seems to us to be the 
only feasible explanation of such a change in reaction. 

5. Taken as a whole, these experiments on different classes of 
animals show by analogy that the small intestine in man cannot have 
an acid reaction, under normal conditions, in any considerable part 
of its length. In reaction, as in other respects, the human intestine 
probably lies intermediate between that of carnivora and that of 
herbivora. 


1 This may in part be due to fat contained in the meat. Tiedemann and Gmelin 
(loc. cit.) after feeding on beef found the upper two-thirds of the small intestine acid, 
which was probably due to the beef containing more fat than in our experiments. 
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ON THE CHROMOGEN AND ON THE ACTIVE PHY- 
SIOLOGICAL SUBSTANCE OF THE SUPRARENAL 
GLAND. By B. MOORE 


(From the Physiological Laboratory of University College, London.) 


In a preliminary communication made to the Physiological Society 
in March 1895, I gave some account of the chemical and physical 
properties of the substance occurring in the medulla of the suprarenal 
gland, the remarkable physiological action of which was first described 
by Schafer and Oliver a year previously’. 

These reactions did not enable me to identify the substance from 
the chemical standpoint, but they led me to the conclusion that it 
was identical with a powerfully reducing substance first described by 
Vulpian® in the same situation. This material gives various colour 
reactions on being oxidised; eg. with ferric chloride it gives a dark 
green or blue colour, and with chlorine, bromine, or iodine water or 
caustic alkalies a rose-red colour. | 

Since then a paper has appeared by S, Franckel‘, who agrees with 
my surmise that the chromogen is identical with the active physio- 
logical substance in the gland; he further claims to have isolated and 
advanced a step towards the identification of the active material. 

His method of isolating the material depends upon its solubility in 
absolute alcohol. 

His process is as follows :— 

Watery or alcoholic extracts of suprarenals were evaporated to a syrup, — 
If alcoholic extracts were used the residue was dissolved in water, if water 
extracts then the residue was dissolved in alcohol. After filtering and again 
evaporating, the residue was taken up with boiling absolute alcohol, and after 


1 Proc. Physiol. Soc. p. xiv (This Journal, xvi. 1895). 

2 Proc, Physiol. Soc. p. i (This Journal, xv1. 1894). 
3% Comptes Rendus, xumt. 1856; xiv. 1857. See also Virchow, Virchow’s Archiv, x11. 
1857; Arnold, Ibid. xxxv. 1866; Kruckenberg. Ibid. cr. 1885; Brunner, Chem. 
Centralb. 1892, 1. p. 758. 

4 Wiener Mediz. Blatter, 1896, Nr. 14—16. 
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cooling and filtering an equal volume of acetone was added to the alcoholic 
solution. The only impurities which could be removed in this way are those 
which are soluble in alcohol and insoluble in a mixture of alcohol and acetone ; 
it is very improbable that these are the only impurities present. This 
caused a crystalline precipitate of an organic substance mixed with potassium 
chloride. The alcohol-acetone solution was repeatedly evaporated down, 
which caused further separations of crystalline substance; the syrup was 
dissolved in alcohol and precipitated by ether. Finally, a syrupy substance 
was obtained which he was unable to obtain in a crystalline form, but a trace 
of which showed the characteristic influence on the blood-pressure. 


This syrupy material is regarded by Frinckel as a pure substance, 
but no chemical criteria are given of its purity. It is not shown that 
it possesses a constant percentage composition, and no attempt is made 
to establish even an empirical formula for it. 

My own experiments had shown me that the active substance of 
the gland is almost insoluble in absolute alcohol, and that its activity 
is destroyed by repeated treatment with that reagent, especially if 
heated in the process. It was therefore surprising to me that Franckel 
should have obtained a material a trace of which produced a large rise 
of blood-pressure, even after repeated treatment with boiling absolute 
alcohol. 

Further experiment has led me to conclude that Frinckel’s opinion 
that the active substance is a derivative of pyrocatechin is incorrect, 
and also that it is not identical with the chromogen of the organ. 

A large number of sheep's suprarenals were taken a few hours after 
the slaughter of the animals, cleared of fats, split open, and the medulla 
dissected out accompanied by as little cortex as possible. The medulla 
was placed under a large excess of strong alcohol (meth. spirit. of 98 °/,) 
in a closed flask for fourteen days’. At the end of this time a water 
extract of a poftion of the medulla thus treated, as well as other products 
obtained from it, was tested physiologically by injection. I was sur- 
prised to obtain no trace of an effect, either from the water extract 
or any of the other products. On testing for the chromogen it was also 
found to be only present in traces. The alcohol under which the 
’ medulla had been standing was next tested for the chromogen and 
was found to contain it in abundance. This was next tested by injec- 
tion, and I was again surprised on obtaining not a trace of an effect. 
The whole experiment was repeated three times with the same result. 
To make the matter quite certain, a sample of the dried and powdered 


1 About 30 gms. of medulla in 400 c.c. of spirit. 
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suprarenal glands of the sheep which was known to be very active was 
taken. Two portions of ‘5 gram each were weighed out and placed in 
two small bottles. To one bottle 10c.c. of spirit were added; in the 
other the powder was left dry. Both bottles were tightly corked, and 
after the lapse of a month the spirit in the one was decanted off, and 
each powder was extracted with 10c.c. of boiling normal saline. 

The two saline extracts after filtering and also the spirit were 
tested by injection. One c.c. of the extract obtained from the powder 
which had stood under spirit, or one c.c. of the spirit, produced no trace 
of an effect on arterial blood-pressure ; while }c.c of the extract of the 
powder which had not been treated with spirit caused a very large rise 
of blood-pressure. The spirit was finally tested for the chromogen and 
found to contain abundance of it, giving the usual green with ferric 
chloride and deep rose-red with caustic potash. 

This experiment shows clearly that the substance, or organic radical, 
which gives the colour tests has no action on blood-pressure. The 
experiment may mean either that the chromogen has no connection 
whatever with the active substance, or that the physiological action is 
due to some group in the molecule which can be destroyed without 
affecting the chromogen group. The close association of the chromogen 
and the physiological action and the ease with which both are destroyed 
by oxidizing agents are rather in favour of the latter view. 

Nothing can be affirmed with certainty as to the chemical nature 
and relationships of either the chromogen or the active substance until 
these have been satisfactorily isolated and their chemical constitution 
determined, but in the meantime it may be of some interest and 
possibly of some assistance to others working on the subject to briefly 
present certain ideas which have suggested themselves in the course 
of my experiments. 

First with regard to the chromogen. The reaction with ferric 
chloride and the power of reducing silver nitrate and not Fehling’s 
solution are characteristic of a large number of organic compounds all 
of which contain an orthodihydroxy-benzene group. The members of 
this class are also like the suprarenal chromogen easily oxidized in 
alkaline solution. 

There are hundreds of such compounds already known in organic 
chemistry. Where among all these are we to search for the chromogen 
of the suprarenal? In this quest some assistance is given by the 
solubilities of the chromogen. Nearly all the orthodihydroxy-benzene 
derivatives are soluble like their mother substance pyrocatechin in 
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water, alcohol, and ether. The only exceptions to this rule which 
I have been able to discover are the salts of certain acids (such as 
protocatechuic acid) containing this group, and a few more complex 
substances, belonging to the group of the tannic acids. The chromogen 
does not belong to the first of these classes, for a salt of an organic acid 
dissolved in water and treated with a mineral acid gives the free acid, 
which if soluble in ether may be extracted by that solvent. Now 
although the salts of the organic acids containing an orthodihydroxy- 
benzene group are insoluble in ether, the free acids are readily soluble 
and may be removed from solution in water thereby. On so treating 
a solution of the suprarenal chromogen, this does not pass into ethereal 
solution. 

The suprarenal material more probably belongs to the second class, 
which do not suffer decomposition with detachment of the ortho- 
dihydroxy-benzene group on treatment with dilute mineral acids. 

The tannins or tannic acids as a class are soluble in water and 
insoluble in absolute alcohol or anhydrous ether. They all react with 
ferric chloride, giving either blue or green colorations. Those giving 
a green coloration usually contain an orthodihydroxy-benzene group, 
and on dry distillation or fusion with caustic alkalies yield pyrocatechin 
or protocatechuic acid. As examples may be mentioned those of coffee 
and tobacco, each of which gives a green colour with ferric chloride, 
turning to red on the addition of an alkali. 

It is more probable that the suprarenal chromogen is a complex 
compound somewhat resembling these than that it is a simple derivative 
of pyrocatechin ; the other part of the molecule which does not contain 
the pyrocatechin radical perhaps being that which confers physiological 
activity. This active group might easily be attacked by a reagent 
which left the pyrocatechin group intact; this would explain the loss 
of activity combined with preservation of chromogen experimentally 
observed. 

That the activity is not due to the pyrocatechin group is further 
shown by the fact that neither pyrocatechin nor protocatechnic acid 
produces any appreciable effect on blood-pressure, causing merely an 
insignificant rise when injected in much greater quantity than supra- 
renal extract. 

Miihlmann’ claims to have obtained pyrocatechin from suprarenal 
extract by heating it for 15 minutes with 10 per cent. hydrochloric 
acid, and after extraction with ether. The substance obtained may 


1 Deutsche med, Wochensch. 1896, No. 26. 
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have been pyrocatechin, but the evidence given in the paper only goes 
the length of showing that it is soluble in ether and gives the ferric 
chloride reaction, and these are common to many pyrocatechin deri- 
vatives, including. the suprarenal chromogen itself unless the ether 
be dry. 

- Both Mthlmann and Franckel argue from slight differences in 
colour reactions that the suprarenal material is not pyrocatechin it- 
self. This seems to me to be sufficiently demonstrated by the respective 
solubilities of the two substances, and by the comparatively infini- 
tesimal action of pyrocatechin on blood-pressure. Both authors however 
consider that the effect of pyrocatechin on blood-pressure indicates 
that the active material is allied to that body, and Frinckel announces 
the intention of searching for the body among the synthetic derivatives 
of pyrocatechin. 

Before Franckel’s announcement I had already tried all of these 
which I could easily procure, especially those which by their solubilities 
might be expected to have any relationship to the suprarenal chromogen, 
including salts of protocatechuic acid, and all those tannins which give 
a green colour with ferric chloride. 

None of these gave an effect at all comparable with that of supra- 
renal extract, usually the blood-pressure was not in the least affected. 
Taken in conjunction with the effect of prolonged contact with alcohol 
above described, these experiments have convinced me that the pyro- 
catechin group has nothing to do with the activity. 

No definite results have been hitherto obtained as to the nature of 
the substance or group on which the physiological activity depends, but 
there are certain indications that it is probably a pyridine derivative. 

If suprarenal extract be dissolved in 50 per cent. alcohol, and basic 
acetate of lead be cautiously added, a flesh-coloured precipitate is 
obtained. If this be washed with 50 per cent. alcohol, suspended in 
more of the same fluid, and decomposed by sulphuretted ayeege, 
a pale yellow, usually fluorescent solution is obtained. 

This solution raises blood-pressure on injection but not to the same 
extent as the original extract, and on repetition of the process of 
precipitation all the active material is finally destroyed. On examining 
the filtrate from the basic acetate of lead, after removal of excess of 
lead by sulphuretted hydrogen, it is found that it is totally inactive. 
This shows that the active material is precipitated by basic acetate of 
lead, but is destroyed or converted into some inactive product in the 
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The destruction is probably due to the alkaline reaction of the 
basic acetate of lead, causing oxidation and destruction as do ordinary 
alkalies. The solution obtained by the decomposition of the lead 
precipitate when it has ceased to be active therefore probably contains 
the oxidised wreck of the active substance. When the solution is 
evaporated to dryness, a reddish-brown mass is obtained, sticky and 
semi-fluid when hot, and. brittle on cooling and very hygroscopic. 
In all this it closely resembles the original extract. Arnold and 
Krukenberg had previously attempted but without success to isolate 
the chromogen of the gland from such a lead precipitate, which they 
decomposed with oxalic acid in alcoholic solution instead of with 
sulphuretted hydrogen. Krukenberg however made analyses of a 
product very similar to that above described. This material was 
undoubtedly somewhat impure and considering its hygroscopic cha- 
racter contained more or less water. Krukenberg does not attempt 
to construct a formula from his analysis but his results agree fairly 
closely, for such a substance, with the formula C,H,,N Ov as may be 
seen by a comparison of the following figures. 


Krukenberg’s results. _ Caloulated for formula C,H,,NO,. 
Carbon 40°83°/, Carbon 39°5°/, 
Hydrogen 9-1 °/, Hydrogen 9-2°/, 
Nitrogen 9°05 °/, Nitrogen 9°2°/, 

Oxygen (diff.) 41°02°/, Oxygen 42°1°/, 


When it is remembered that these results are obtained from a 
hygroscopic non-crystallizable material, the agreement is as close as can 
be expected. The point of most interest is the relationship between 
carbon and nitrogen in the formula, five atoms of the former to one 
of the latter. Now this is the ratio in which these elements are found 
in pyridene (C,H,N), the mother substance of all or nearly all the 
numerous class of the vegetable alkaloids', and it is in just such a 
class of compounds, all of which possess marked physiological actions, 
that a body such as the active material might be expected to be 
found. 

The above result having suggested that the active material might 
be a pyridene derivative, some suprarenal extract was cautiously fused 
with caustic potash so as to avoid charring, when the peculiar odour 
of pyridene was at once obtained. Of course pyridene and its homo- 


edition, 1891, 8. 5. 


W 
a 
. 
4 


388 7 B. MOORE. 


logues are formed in the destructive distillation of proteids, so that 
one must be careful in concluding from this experiment that a pyridene 
derivative is present; however, the experiment was conducted so as 
to avoid charring, and taken in conjunction with the above result 
makes it probable that suprarenal extract contains a pyridene de- 
rivative. 

That the physiological action is due to this pyridene derivative 
is rendered probable not only by the behaviour of the lead precipitate 
described above in finally yielding the oxidized residue devoid of action, 
but by the fact that all the pyridene compounds are physiologically 
active, the character of the action varying with the molecular grouping 
in the molecule of the particular derivative, and so giving origin to 
the varied physiological action of the different alkaloids. 

The action of the different pyridene derivatives on blood-pressure 
is widely different. Pyridene itself, as has recently been shown by 
Lauder Brunton, causes a marked depression of blood-pressure when 
intravenously injected, while nicotine is well known to produce a 
prodigious rise even in minute doses. Now nicotine contains two 
pyridene rings, in one of which the pyridene is reduced by the intro- 
duction of six hydrogen atoms to piperidine, that is, nicotine is formed 
by the union of a molecule of pyridene with a molecule of reduced 
pyridene, or piperidine. Since the pyridene molecule causes a marked 
fall in blood-pressure it struck me that the immense rise caused by 
nicotine might be due to the reduced pyridene or piperidine ring. 
I accordingly injected intravenously a small dose of piperidine 
(10—15 milligrams in a dog of 4°5 kg.) and found my surmise verified 
by the result, the carotid blood-pressure was more than trebled. At 
this time I was unaware that the effects of injection of piperidine on 
blood-pressure were known, but I soon after found out that I had been 
preceded by Tunnicliffe' who describes a precisely similar effect, 
which he states persists after section of the cord at the occipito- 
atlantoid foramen. I find that the free base causes powerful con- 
striction of the arterioles when perfused through the vessels of a 
pithed frog in a concentration of 1 in 1000 of normal saline (‘75 
per cent.), but when neutralized with acetic acid has no such effect, 
showing that the peripheral constricting action of the free base is 
probably due to the alkalinity, and that the effect on intravenous in- 
jection which is obtained also with neutralized solutions is probably 
more central in origin. 


1 Tunnicliffe, Centralblatt f. Physiol, March 8th, 1897. 
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This change in passing from pyridene to piperidine is an interesting 
case of connection between chemical constitution and physiological 
action. 

The alkaloid of pepper piperin contains in its molecule a molecule 
of piperidin united to a molecule of an organic acid (piperic acid). 
This body also produces a marked rise in arterial blood-pressure on 
intravenous injection, probably again due to the presence of the reduced 
pyridene molecule. 

Although the rise of blood-pressure caused by this class of sub- 
stances closely resembles in extent and form of the curve that caused 
by suprarénal material yet the action is not the same. Suprarenal 
acts peripherally, these drugs most probably resemble nicotine and 
act by stimulating nerve-cells. On the other hand, both suprarenal 
material and piperidine have their activity destroyed by oxidation, 
and probably the suprarenal material like piperidine is a pyridene 
derivative, which contains a reduced or partially reduced pyridene 
ring, differing somewhat from piperidine. 
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THE ENUMERATION OF BLOOD-PLATELETS. By T. G. 
BRODIE, MD., Lecturer on Physiology, and A. E. RUSSELL, 
M.B., Medical Registrar, St Thomas's Hospital Medical School. 


(From the Physiological Laboratory, St Thomas’s Hospital 
Medical School.) 


It is well known from the observations of Bizzozero, of Eberth and 
Schimmelbusch and of many others that the platelets of the blood 
immediately or almost immediately that the blood is shed, adhere to 
one another and to foreign bodies. In the estimations which have been 
made upon the number of platelets, this fact does not appear to us to 
have been taken sufficiently into account. Thus if the Thoma-Zeiss 
pipette be used in the usual way, during the time the blood is in 
contact with the glass, a great many of the platelets become adherent, 
so that the number found will always be too low. We have therefore 
made trial of numerous fluids with the aim of finding one or more in 
which the platelets do not stick to one another or to the red or white 
cells or to the glass, at any rate for a sufficient time to allow one or two 
enumerations to be made. 

In mixing the blood with the diluting fluid we have a choice of 
the two methods of first placing the fluid on the finger, which has been 
previously thoroughly cleaned, and then pricking through the drop of 
fluid, or of adding a drop of blood collected on the finger to a sufficient 
quantity of diluting fluid held in some convenient glass vessel. The 
first method is undoubtedly best where the end aimed at is the fixing 
in as normal a state as possible, the second plan is more convenient 
in many respects for it allows of better mixing by stirring and one has 
more control over the relative amounts of the two fluids. It is the 
plan we have throughout adopted as a general one, but has been 
controlled by the first method. 

We may now proceed to an enumeration of most of the various 
fluids we have tested which we will group into series for the sake of 
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convenience, the grouping being either according to the nature of the 
solution or according to the results upon the platelets. 

LL Solutions of many neutral salts have been tested, such as :— 
sodium chloride, magnesium sulphate, ammonium sulphate, sodium 
sulphate, potassium sulphate, potassium iodide, sodium iodide, potassium 
and sodium acetate. These have been tested in solutions of different 
strengths starting always from one approximately isotonic to the red- 
cells and then increasing the strength. They none of them were found 
to fulfil the necessary conditions. In many of them it was found that 
the change of the platelets was considerably delayed, this varying with 
the solution, but in all cases, some platelets were found fixed to the 
cover-glass immediately the preparation was examined. 

II. Various fixing reagents recommended for the examination of 
the blood were tried such as Hayem’s fluid, Ferrier’s solution (alcohol 
50 cc., glycerine 200 c.c., water 150 c.c., fuchsine 1 g.), Toison’s fluid, 
formic aldehyde of different strengths, Pacini’s fluid, Afanassiew’s fluid 
(°6°/, NaCl and ‘6°/, dry peptone in water, to which is added 1 or 2 parts 
per thousand of methyl violet), &c. All of these were again found to 
be imperfect though in very different degrees. The best of these was 
Afanassiew’s fluid, though here a number of the platelets were found 
adhering to the cover-slip or slide. 

III. Solutions of substances which prevent coagulation were also 
tried, ¢.g. ammonium, potassium and sodium oxalate solutions of various 
strengths, sodium fluoride solutions, potassium and sodium citrate 
solutions, or commercial peptone solutions. All of these showed a 
distinct advance over previous solutions employed, and this was 
especially the case with the oxalate and fluoride solutions. The 
citrates were the least effective. A good deal appears to depend upon 
the ratio of the volume of diluting fluid to the volume of blood taken. 
It is always better to dilute the blood considerably. 

IV. A miscellaneous group of fluids such as, Miiller’s fluid, borax 
solutions, perchloride of mercury solutions, formic aldehyde or acetone 
of different strengths. Some of these fixed the platelets well, but all 
were found of no use in that platelets did not remain freely movable 
in them. 

V. A solution of caustic potash of 33°/, was tried. In this fluid 
the platelets are better preserved than in any of the fluids in which 
we have examined them. Their shape is very clearly seen though, as 
a slightly granular appearance is given to them, it is probable that they 
are not entirely unaffected in histological appearance. The fluid is 
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however of no use whatever for our purpose because of its destructive 
effect upon the red cells. The drop of blood is at once converted into 
an extremely viscid jelly-like mass which completely resists any attempt 
at breaking it up for uniform distribution. 

VI. Thinking that perhaps we might prevent any tendency to 
adhesion if we brought the blood into a viscid solution we turned our 
attention to such fluids as egg-white, serum, syrup, gum-solutions, 
Farrant’s solution and glycerine. We found that our conjecture was 
in @ great measure carried out. One of these, glycerine, is by far the 
best fluid we have found. It answers perfectly to our test conditions 
so far as the platelets are concerned. They show no tendency to 
adhere to the glass nor to run into clumps but remain freely movable 
in the solution. The stronger the solution of glycerine the better 
is the effect with regard to the platelets, and we have usually employed 
a mixture of equal parts of glycerine and 2°/, NaCl. It unfortunately 
has the great disadvantage that it acts upon the red cells, dissolving 
out the hemoglobin, so that after a time the stroma becomes almost 
if not entirely invisible. The action however takes time and it is 
quite possible to get an enumeration completed before the fluid has 
so attacked the red cells that there is a danger of missing them. 

In our further work we limited ourselves to those fluids in which, 
as we had found, the platelets are freely movable, 1.e. to solutions of 
glycerine, of oxalates, or of fluorides. 

In the next place, it was requisite to stain the platelets deeply so 
that they could be easily counted. When we were dealing with un- 
fixed platelets, this we found was not an easy matter. We tested 
the various stains that have been recommended, such as methyl- 
violet, gentian-violet, rosaniline-sulphate’, but though they are stained 
by them the amount of staining is not great. We have tested a 
number of stains to see if fresh platelets are stained by them, such 
as eosin, fuchsin, aurantia, methyl-green, magenta, aniline blue-black, 
congo-red, indulin, iodine-green, toluidene-blue, dahlia, methylene blue, 
but of these only two stain platelets at all deeply, viz. iodine-green and 
dahlia, and of these two dahlia staining is much the deepest and there- 
fore preferable for our purpose. 

We have, when possible, employed a very strong solution of dahlia 
in glycerine, or diluted glycerine. As far as the platelets are concerned 
a solution which gives excellent results is one made up of equal parts 
of glycerine saturated with dahlia, and 2°/, NaCl. 


? All of these together with the other stains mentioned were obtained from Griibler. 
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In such a solution we have endeavoured to stain the stromata of 
the red corpuscles by the addition of some other stain, but invariably 
found that the dahlia was completely thrown out by the new stain 
or so largely precipitated that the fluid now only tinted the platelets 
to a very slight degree. 

We attempted also to find some substance, which, added to the 
solution would fix the stromata, and so allow them to be stained. Of 
the many substances that we tried, alcohol, borax, oxalates and fluorides 
alone proved of any service. But alcohol, if sufficient is present to allow 
the stromata to stain with dahlia, alters the platelets so that they will 
not move freely through the fluid. When sufficient borax solution 
is added, the red cells begin to take up some of the dahlia (or iodine- 
green) and then appear as a ring of deeply stained matter close under 
the outer margin of the red-cell but separated from the margin by a 
narrow clear uniform layer; but in this case either the platelets do 
not stain, or are so affected that they are not freely movable. The 
solution also takes up much less stain than one free from borax. 

The oxalates have yielded rather better results than the fluorides. 
We have already seen that simple solutions of oxalates and fluorides 
preserve the platelets and prevent them from becoming sticky, but 
that they are not so good in this respect as glycerine solutions. We 
thought that by employing oxalate solutions, we might be able to 
so diminish the action of the glycerine on the red corpuscles that 
the hemoglobin would not so readily be dissolved out, or on the other 
hand might so affect the stroma that it would stain with dahlia. We 
find that the latter is the case more particularly if a little absolute- 
alcohol be added to the solution as well. . 

We find in one solution that a very characteristic appearance is produced. 
The solution has the following composition :— 


Glycerine 25 cc. 
Absolute alcohol 12°5 c.c. 
Distilled water 62°5 c.c, 
Ammonium oxalate 1-0 grm. 
Sodium chloride 15 grm. 


Notwithstanding its high percentage of salts the red corpuscles swell up 
and become spherical, and if the corpuscles be watched during this process, 
which occurs with very different rates for different corpuscles, it is seen 
that at first there appears to be a diffuse staining which makes the corpuscle 
stand out of a much deeper colour than the others. Its diameter is also 
less. A little later if focussed equatorially the appearance ia of a deeply 
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stained rim of uniform thickness lying just inside the edge of the corpuscle 
with a narrow clear zone separating it from the periphery. This rim how- 
ever is not continuous but is broken at quite regular intervals by clear 
spaces. If now the adjustment be altered until the surface of the corpuscle 
is in front it is seen that this broken rim is caused by a regular network 
of deeply stained substance, the meshes of which are fairly large. The 
central part appears quite homogeneous and unstained. The network exists 
as a hollow spherical shell lying beneath the membrane and of some little 
thickness. Thus the cell-membrane of the corpuscle stands out very clearly 
and distinctly as a separate unstained structure. That in this shell of 
stained matter we are dealing with an artefact becomes clear from the 
variations observed in successive preparations. Differences in the size of 
the meshwork are observed in different specimens, although in any one 
specimen the size is wonderfully regular. We are inclined to think that 
the part actually stained is the stroma and that the peculiar arrangement of 
this in the form described is due partly to the tearing of the stroma which 
must occur when the corpuscle is distended to a sphere. 


Before we proceed to a statement of the number of platelets present 
in the blood according to our own enumerations it will be best to 
consider figures given by some other observers. Thus Hayem* gives 
the number as 255,000 per cub. mm.; Afanassie w’ gives from 180,000 
to 300,000 per cub. mm.; Fusari’ found them to be from 180,000 to 
250,000 per cub. mm.; Prus*‘ finds 500,000 per cub.mm. There is thus 
found to be a considerable amount of variation in the results obtained, 
and much of this is due, undoubtedly, to the different methods employed. 
Thus Hayem, Afanassiew and Fusari, all used the Thoma-Zeiss 
pipette and therefore must have obtained figures which are too low. 
Prus’s figures are much more reliable, for his method was to thoroughly 
clean the finger and then place on it a drop of a modified Flemming’s 
solution and prick through this. The solution employed has certainly 
considerable disadvantages, and we find that again Prus’s figures are 
too low, though much nearer the truth than the others, Muir’ fully 
recognises that the measurement of the blood by a pipette possesses 
the fallacy that some of the platelets will adhere to the glass tube 
but thinks these may be quite neglected if all the operations are 


1 Hayem. Du Sang. 

* Afanassiew. Arch. f. klin. Med. xxxv. p. 217. 1884. 

* Fusari. Arch. per. le Scienze med. x. p. 235. 

*Prus. Medycyna 1886, No. 89 and 40 (abstracted in Centralb. f. klin. Med. 1887, 
p. 469). 

5 Journal of Anat. and Physiol. xxv. p. 259. 1891. 
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carried out rapidly. We cannot agree with him that the use of the 
Thoma-Zeiss pipette is permissible in this connection, no matter how 
rapidly the mixing be effected. Muir’ gives as an average number 
for a normal individual, 200,000 to 250,000 per cubic mm. 

The ‘enumerations which we may now give are all carried out 
upon the lines worked out as above. In most cases the mixing fluid 
has been placed upon a glass slide and then brought down upon the 
drop of blood as soon as it appears from the prick. It is important 
that the blood should flow from the prick rapidly and without the 
necessity of applying pressure. In all cases before the enumeration 
we have ascertained that the platelets move freely across the field 
of the microscope. This is all the more easy in the viscid glycerine 
solutions where the formed constituents come to rest slowly. In suc- 
cessful cases the platelets are found to be uniformly distributed through 
the preparation and never in clumps or groups. If such has occurred 
the preparation must be rejected as unreliable. The counting is 
carried out under a ;4th, the number of red corpuscles and of platelets 
in a series of fields, taken quite at random, being counted, until 
about three or four hundred red corpuscles have been seen. The ratio 
of platelets to reds is then calculated and from this result the number 
of platelets per cubic mm. The solutions used in the following cases 
have been various but all contained glycerine in various strengths. 
_ The staining was with dahlia. 2 

The ratios of platelets to red corpuscies come out as 

1:60 1:88 $$1:90 
which gives an average of 1: 8'5. 


The red corpuscles numbered on an average 5,400,000 per cubic 
mm., which gives for the platelets 635,300 per cubic mm. 


loc. cit. p. 278. 
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ON INTERMITTENT STIMULATION OF THE RETINA. 
PARTI. By O. F. F. GRUNBAUM, B.A, BSc. Trinity 
College, Cambridge. (Three Figures in Text.) 


WHEN the eye is subjected to an alternation of stimuli of a frequency 
below a certain limit, the sensation of flicker with the accompanying 
inference of a discontinuous source of light, is produced. 

Schafhautl' was the first to note that the limit depended upon the 
strength of stimulus and utilised the method as a means of measuring 
luminosity; but it is due to Rood showing that fusion of stimuli 
depended upon frequency and luminosity independent of colour, that 
flicker photometry has developed. 

That the maximum speed at which the sensation of flicker is 
produced depended upon other factors besides luminosity was noted by 
Filehne’*, whose observations were made on white discs on some of 
which only four black sectors of 45° each were painted. Rotated at a 
speed to produce 25—30 alternations per second, fusion occurred, while 
if the number of painted sectors were great, flicker might exist at a 
frequency of 74 alternations per second. 

Fick found that under certain conditions 170 alternations might be 
necessary to produce fusion; this was the case when parallel lines were 
drawn on a drum which was rotated around an axis parallel to the 
lines: if, however, the observations were made through a slit no flicker 
was seen above 40 per second, 

Baader® experimenting independently made similar observations, 
and came to the conclusion that the size of the field of vision was a 
factor that must be taken into consideration when determining the 
speed of alternation necessary to produce fusion. 

Fick suggested that movement of the eyes might be the ex- 
planation of the observations ; when the speed of translation was small 
the eyes followed the sectors and thus flicker was not destroyed until 
high speeds were attained ; the use of a window partially prevented this. 


1 Akad. d. Wiss. Miinchen vu. p. 465. 1856, 
2 v. Graefe’s Archiv xxxt. p. 20. 1885. 
® Diseert. Freiberg, 1891 (quoted from Schenk). 
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Schenk‘ has recently taken up the question, and found that in his 
own case fusion occurred when making observations through a definite 
aperture, on rotating discs with a variable number of black sectors, at 
approximately the same speed in all cases; a variation in the same 
direction as found by Filehne, Fick and Baader occurred in observa- 
tions made by Schenk’s co-observer Schmidt. 

It is intended in this paper to show to what extent the ratio of the 
breadth of sector to that of aperture through which observations are 
made, exerts an influence upon the frequency of intermittence of stimu- 
lation at which the sensation of a discontinuous source of light passes 
into that of a continuous source. 

The reason for avoiding the word flicker lies in the fact that under 
certain conditions a sensation of the stimulus not being constant is con- 
veyed to the observer, while the sensation which commonly goes by the 
name of flicker is not experienced, but the screen when within focal 
range appears to possess Brownian movement. 

When the screen is within focal range and of a nature that it can 
easily be focussed I do not find an abrupt transition from flicker to a 
steady smooth sensation, but there is always an intermediate condition 
of molecular movement even when the frequency of alternation is but 
30 per second. 

The method adopted consisted in determining at what frequency of - 
alternation and at what luminosities fusion (disappearance of ‘ mole- 
cular’ movement) occurred, when the ratio of the breadth of sector to 
the diameter of aperture varied from 1 to 20. 

A series of discs were used from which a variable number of sectors 
had been cut 2—60, leaving an equal number of equiangular sectors : 
these were rotated by, a motor, the speed of rotation being adjusted by 
altering the resistance in the motor circuit, and when necessary by 
varying the number of accumulators used to supply the current. 

The discs were painted black on both surfaces, and were prevented 
from oscillating when revolving at high speeds by two pulleys. The 
speed of rotation was observed on a Napier’s “show speed” indicator, 
which was found to be correct to 1 °/, when standardised by the 
counter. The source of illumination was usually a 16 candle power 
electric lamp, one side of which was frosted and used as the screen; the 
lamp was usually run at 135 volts instead of 100, and thereby a much 
whiter light was produced than under ordinary conditions. 

Owing to one side of the lamp being plain an arc light could be 

1 Phliiger’s Archiv uxtv. p. 165. 1896. 
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concentrated on the side which was frosted; this was found necessary 
when working with high luminosities. 

Alteration of luminosity without altering the nature of the source 
of light was easily accomplished by utilising a slight modification of a 
method suggested by Arago’, which depends upon the inclination of two 
Nicol’s prisms. I compared this method of observation with that of 
the square of the distance of the source from the screen and found that 
the curves drawn as results of observations were similar. 

The analyser of the apparatus had parallel faces normal to the 
incident light so that no correction had to be made for reflection, and 
the light which passed varied directly as the square of the cosine 
of the angle between the prisms. 

An artificial pupil of ‘75 mm. was placed on the ocular side of the 
analyser and an iris diaphragm on the further side of the polariser ; by 
the aid of a tangential screw and vernier the angle could be read to 
4 minutes, 

The observations were all made with a light adapted eye. Although 
I recognise the theoretical advantage of utilising an eye adapted to 
darkness, it was found that practical difficulties were too great when 
working with moderate or high luminosity. The time taken to make a 
series of observations would then be days instead of minutes, and during 
that time it is probable that the eye would alter considerably and on 
returning to a part of the curve which had been drawn early the new — 
observations would be found not to lie on it, which, however, is not the 
case if the series is made within an hour. 

The diaphragm on the ocular side of the analyser removes effects 
which —* occur owing to alteration in the size of the pupil. 

Exp. 1. of aperture ‘5cm. Breadth of sector, 12 cm. 

Distance of eye from aperture, 8 cm. 

Distance of light from aperture, 7°6 cm. 

Source of light, 16 candle power lamp run at 135 volts instead of 100. 


Zero reading of apparatus 0° 0’ 
No. of alter- Angle at which Sine Sine? 

nations per sec. flicker just disappears of angle r 
34 2° 36’ 04536 000513 
36 2° 48’ 0488 000595 
43 5° ‘0871 00189 
48 8° 40’ "1506 00562 
58 30° | 0625 
60 40° 642 *1030 


No flicker visible above this speed. 
1 Guvres de Fr. Arago x. pp. 184—224. 1858. 
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Contrast these results with following observations where the only 
alteration was that the disc used had 60 sectors removed and the 
breadth of the sector was 1 cm. 

Owing to the distance of the diaphragm from the disc the field 
was wholly light and wholly black only for a very short period. 
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Exp. 2. 
Alternation Sine? 
per sec. Angle Sine 4 
62 2° 28’ 0430 0004622 
73 2° 40’ 0465 0005405 
83 2° 52’ 0500 000625 
93 3° 8’ 0546 -000745 
97 3° 28’ 0604 000912 
118 3° 36’ 0628 000975 
123 4° 4’ 0709 001256 
131 4° 20’ 0756 001428 
162 5° 32’ 0964 002323 
193 5° 48’ “1010 002550 
249 6° 0’ "1045 002720 
292 6° 36’ "1149 ‘003306 
341 7° 12’ 1253 00392 
495 10° 36’ 1839 008372 
60 iii 
50 
‘Sp 90 
I. 
Luminosity 
‘Fie. 1, 


Scale of fig. 1 ten times that of fig. 2. 
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Lwmponty 
Fie. 2. 
Intermediate curves exist for intermediate ratios and will be given 
in Part II. 
The effect of the ratio of breadth of sector to that of the aperture 
is shown best by keeping the light constant and varying the breadth 
of the former. 


Breadth of Diameter of 
to produce fusion sector aperture 
43 11 1 
6:1 1 
49 46 l 
53 3°8 1 
112 ‘18 
225 1 1 


What conditions are altered? Speed of translation, which entails 
an alteration in the ratio of the time during which the eye is exposed to 
light or darkness completely, and the time of transition is reduced. For 
instance, if a disc of 15 cm. radius be uiilised and an aperture of 1 cm. 
the observations being made near the circumference, when a semicircle 


is rotated, the time occupied is —— of a revolution, and therefore 
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the ratio is (1 - text) ‘1B: Now by increasing the number 


180 


a. 
af 


Ratio of Sector breadth to aperture 
Fre. 3. 
2a 2a 
of sectors to a we get a ratio of (1-5-5) : xp” and therefore 


xX : the ratio becomes unity and the time that the field 
is completely light or dark is infinitely small. 

It seems to me improbable that any movement of the eye can 
occur when an aperture of 5 mm. is used and the eye focussed for 
a cross drawn upon the screen. 

The effect seems to be due to simultaneous contrast which occurs 
when the field is partly light and partly dark; by increasing the time 
during which this can take place as in experiment 2, the sensation of a 
discontinuous source of stimulation persists until the frequency becomes 
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five or six hundred alternations per second. Recently Sherrington’ 
has shown that flicker does not depend on frequency of alternation and 
physical luminosity alone, but also on apparent or physiological lumi- 
nosity, and that simultaneous contrast as well as successive contrast 
plays an important part. It is due to this phenomenon I believe 
that the difference between the two curves fig. 1 and fig. 2 exists. 
Evidence in this direction exists in the following observation. 

If a large disc be rotated and observations be made through two 
apertures of diameters proportionate to their distances from the centre, 
flicker appears and disappears at the same speed with the same 
luminosity at both apertures. This is only the case when the apertures 
are small so that their images fall entirely within the macula since the 
sensibility to intermittent stimuli of that part differs from the rest as 
shown by Exner’ and Bellarminow’. 

From fig. 2 it is seen that the curve possesses an apex denoting 
that a sensation of continuous stimulation results if the luminosity 
be too small or too great: the nature of the descent of the curve 
I reserve until Part IL, not yet having a sufficient number of ob- 
servations. I may however state here that whatever be the ratio 
of sector-breadth to aperture the curve descends before the luminosity 
becomes such as to produce a blinding after-image of a pathological 
_ character. 


1 This Journal, xx1. p. 38. 1897. 
2 Pfliiger’s Archiv uw. p. 287. 1870. 
3 Archiv f. Ophthalmologie xxxv. p. 25. 1889. 


The expenses of this research have been partly defrayed by a grant 
Srom the Salters’ Company. 
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THE DETERMINATION OF THE COAGULATION- 
TIME OF BLOOD. By T. G. BRODIE, MD., Lecturer 
on Physiology, anv A. E. RUSSELL, M.B., Medical Registrar, 
St Thomas's Hospital Medical School. (One Figure in Text.) 


St Thomas's Hospital 
Medical School.) 


THE question of the determination of the time the blood takes to clot 
is one which has always shown difficulties whenever attempts have 
been made to obtain time measurements of any accuracy. We may 
first state briefly the methods we have tried and which have not given 
us satisfactory results, in that successive observations taken at intervals 
of 5 to 10 minutes have not given concordant results. 

(1) Wright’s' method, in which several glass tubes of narrow bore 
are filled with the same amounts of blood, and the time determined 
when the blood cannot be blown from the tube, or if blown out on 
to filter paper shows a clot. 

(2) Vierordt’s* method, in which the blood is drawn into a 
capillary tube in which a white horse-hair is placed, and the coagulation- 
time taken as that at which the blood adheres to the hair when it 
is moved. 

(3) Several pieces of very fine capillary glass tubing of the same 
bore and about two inches in length were half filled from a single drop 
of blood and kept at constant temperature. From time to time one 
was taken and its contents blown out into a beaker of water or of saline 
solution. If still fluid the blood collects into a drop or forms a ring, 
but if clotted it remains as a perfect cast of the tube from which it has 
been blown. Capillary tubes of very various sizes were tested. The 
method was unsatisfactory because on many occasions some of the 
tubes still contained fluid blood when one or more had already clotted. 


1 Wright. Lancet, 1898, Dec. 2. P- 1890. 
Vierordt. Arch. f. Heilk. xtx. p. 198. 1878. 
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(4) A piece of thick-walled glass tubing of 0°5 mm. bore was taken 
and blood drawn into it in the following way. A column of blood 
extending up the tube for 1 cm. was taken, and then removing the 
tube from the drop of blood this was moved up 2 or 3cms,, then a 
second column of blood of lem. and so on. In this way was obtained 
a long piece of tubing in which were about 12 little columns of blood, 
each of 1 cm. in length separated from one another by intermediate 
air-spaces. The tube was then cut into pieces midway between each 
mass of blood and from time to time one of these was blown into 
water and observed as in the previous method. We had expected to 
find that, if the rate of clotting is in any way dependent upon the 
number of platelets present, that the lowest columns of blood would 
clot before the higher ones, for owing to the great stickiness of the 
platelets the lower part of the tube soon becomes coated with a layer 
of them, derived from the blood forming the upper columns, This was 
not however found to be the case. 

(5) <A piece of capillary tubing 05 mm. bore was taken, and a 
column of 5 ems. of blood drawn up to a marked position in the tube. 
Every 15 secs, this was moved 1 mm. down the tube until the time was 
found at which it could no longer be moved. 

(6) A drop of blood was taken and kept at constant temperature 
in a small moist chamber and from time to time a piece of very fine 
capillary tubing was brought in contact with the edge of the drop 
and observation taken as to whether blood or serum ran up the tube. 
This plan yielded much the best results we had so far attained, but yet 
was not completely satisfactory. 

The method which has given us satisfactory results is as follows. 
A deep air-chamber AA (cp. Fig. 1) closed below by a glass plate Z 
upon which lies a layer of water M is surrounded by a water-jacket 


Fra. 1. 


WW, its upper orifice being closed by a movable piece of glass slide G 
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to the centre of which is cemented an inverted truncated glass cone C. 
Inflow and outflow tubes to the water-jacket enable the temperature 
of the air-chamber to be varied at will. These tubes are not repre- 
sented in the diagram. A metal tube 7 pierces the water-jacket, and 
to its interior is fitted a glass tube D drawn out gradually to a fine 
orifice at P. This orifice lies below the lower surface of the cone 0 
but is directed towards it’. 

In using the apparatus the glass plate and cone are removed and 
the lower surface is dipped carefully into the drop of blood so that the 
whole of the surface is exactly wetted by the blood. In this way a 
drop of blood is picked up, always of approximately the same size. It 
is then placed in position in the air chamber. By gently blowing 
through the tube D the blood is set in motion and can be readily 
observed under a low power of the microscope. The first signs of 
clotting are invariably to be noted at the circumference of the drop 
of blood which is seen to remain at rest while the layer in immediate 
contact is still freely movable. By moving the drop of blood the edge 
of the blood may be tested at all points. 

The method is extremely sensitive and changes in the behaviour 
are so easily detected that it is extraordinary how very slight a blast 
of air is required to detect whether the corpuscles move relatively 
to one another or no. The degree of force used in blowing and the 
time during which the blood is moved are the two points of most 
importance in the use of the apparatus. The blood should be kept as 
nearly still as possible during the whole time of observation. 

In using the apparatus the following precautions are necessary. 
The surface of the cone which is to pick up the blood must be very 
thoroughly cleaned. In obtaining the drop of blood, the prick should 
be fairly large so that the blood will readily come without any pressure, — 
The finger before pricking must be most thoroughly cleansed. We first 
wash it with soap and water, then with alcohol, and then with ether. 
The first drop that comes must be discarded, and carefully wiped 
away, the second drop is then taken. In dipping the glass cone in 
the blood care must be taken that only the lower surface touches 
the blood and the whole of this must touch. This ensures the drop 
being always of approximately the same size. The hanging drop is then 
brought into the air chamber, the whole of the processes being carried 
out as rapidly as possible. The position of the whole apparatus on 


1 The apparatus is made for us by Mr A. E. Dean, Jun., 78, Hatton Garden, E.C. — 
PH. XXI. 27 
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the microscope stage and of the hanging drop relatively to the orifice 
from which the air issues are then altered until on examining the 
edge of the drop of blood it is seen that with quite a short and weak 
current of air the blood is set rotating. If the drop of blood be too 
large there is at times a difficulty in getting it to rotate at the edge. 
When all things are properly arranged it is seen that the corpuscles 
move freely right up to the edge of the drop. At times it is found 
that at the very edge they remain quiescent, but this is exceptional. 
In observing the movement it should be noted that they move rela- 
tively to one another as well as rotating as a whole, and to be sure 
of this point it is of course necessary that they be made to move very 
slowly. If they have been moved out of one position they do not 
tend to return to that position after the blowing ceases, though if 
the blowing has been hard enough to markedly indent the surface 
of the drop they run back to fill up that space when blowing ceases. 
In this case however they run in from all directions, and not simply 
backwards from the direction in which the main movement had been 
caused, As soon as clotting commences however the movements 
become quite different. The change is always first noted at the free 
edge and then extends slowly or quickly, depending upon the tem- 
perature, to the whole mass, As soon as a rim at the edge is solid, 
blowing simply indents this rim without causing a rotation. With 

the indentation there is a certain amount of relative change of position 
_ of the superficial corpuscles to the deep, but as soon.as blowing ceases 
they return exactly to their initial position. It is this stage which we 
always observe, for it is very much more difficult to accurately judge 
the time at which the whole drop has set solid, without blowing with 
considerable force. The observation of the edge alone, has the further 
great advantage that here the layer is thin and the view of the 
corpuscles is very much better than elsewhere. 

The factor in the whole method which we should have liked to 
avoid is the movement of the blood, but as it is present we attempt 
to bring any error it may cause down to a minimum by blowing very 
softly and for only very short intervals of time. 

We may now give a few of the results we have obtained upon 
normal individuals, the times given being those of commencing clotting 
in minutes and seconds. The first few illustrate the influence of tem- 
perature, and are all taken from the same individual. The two at 
30° C. were taken on different days. The temperature given is always 
that of the water circulating through the apparatus. 
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At 20° ©. At 80° 0.) At 80° 0.1 At 88° CO. 
(1) 8.0 (1) 3.33 (1) 3.10 (1) 3.49 
(2) 8.0 (2) 3.30 (2) 3.0 (2) 3.48 
(3) 7.55 (3) 3.30 (3) 3.5 (3) 3.10 
(4) 7.42 
(5) 7.46 


The following give a series taken from general results on different 
individuals. 
R. Temp. 20°C. S.R. Temp. 30°C. A.M. Temp. 80°O. 

(1) 8.40 (1) 3.24 (1) 4.43 

(2) 8.18 (2) 3.18 (2) 4.4 

(3) 8.13 (3) 3.30 (3) 4.0 

(4) 4.5 

W.E.D. Temp. 30° 0. W.S. Temp. 30° 0. 

(1) 3.0 (1) 3.25 
(2) 2.55 (2) 3.40 
(3) 3.5 (3) 3.35 


In 4 successive drops taken from a vein in the rabbit’s ear the 
times were : 


2 min. 13 secs. 2 min. 7 secs. 2 min. 35 secs. 2 min. 16 secs. 
the temperature of the circulating water being 30°C. 


(Towards the expenses of this research we have received a grant 
from the Government Grant of the Royal Society.) 


1 These two sets of observations were taken on two successive days. 
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A COMPARISON OF THE DIFFUSION INTO SERUM 
AND ABSORPTION BY THE INTESTINE OF 
PEPTONE AND GLUCOSE. By E. WAYMOUTH 
REID, Professor of Physiology in University College, Dundee. 
Grocers’ Company Research Scholar. (One Figure in Text.) 


In a previous paper’ a method for the determination of the rates of 
diffusion of glucose, and two specially prepared samples of commercial 
peptone through parchment paper into water at 38°C. under conditions 
approximating to those in the intestine of an animal, was described. 

In the present communication an account is given of a study of the 
diffusion of the same substances into serum, and a comparison insti- 
tuted with experiments upon the absorption of these substances from 
the gut of the living dog. 

The apparatus employed for determination of the diffusion ratios is 
represented in Fig. 1. A parchment-paper tube closed at the lower 
end by a rubber bung, is tied over a grooved brass ring at its upper 
end, so that it can be suspended in a cylindrical glass vessel (gas jar) 
holding the solution of the substance whose rate of diffusion is to be 
estimated. 

Serum is placed in the parchment tube, and is kept in circulation 
by a Witt’s centrifugal stirrer? driven by a hot air motor. The serum 
is renewed at certain periods during the experiment, the contents of 
the parchment tube being drawn off by a pipette, and a new charge of 
serum warmed to 38° C, introduced. | 

The apparatus stands in a copper tank (not represented in the 
figure) kept at 38°C. by a gas regulator. Evaporation is prevented 
by a cover, through holes in which pass the stem of the stirrer and the 
rod suspending the dialyser tube. 

In all experiments the apparatus shown in the figure was in 
duplicate, for purpose of simultaneous comparison of the rates of 


"This Journal, xxx. p. 85, 1897. 
® Berichte d. Deutsch Chem, Gesellsch. 1898. p. 696. 
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diffusion of two substances, and the permeability of the parchment 
tubes was tested by a preliminary diffusion experiment with glucose 
into water as described in the previous paper already mentioned. 
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The estimations of peptone have been on the nitrogen factor method 
already described’, exactly the same procedure being gone through in 
the case of a diffusion experiment as is necessary in an estimation 
of an absorption from the living intestine. 

The estimations of sugar were made by the Allihn-Soxhlet gravi- 
metric method. Estimation of the water absorbed during the experi- 
ment was made thus: the parchment tubes were always introduced 
into the solution wet, so that on their withdrawal there would be little 
error from adherence of solution to their outer surfaces: at the end 
of an experiment the tubes were drawn up out of the solution and 
carefully drained: the contents of the glass cylinders were cooled, and 
a mark made at the level at which the solution then stood: after 
washing the outside of the dialyser tubes into the vessels and removal of 
contents of latter for analysis, the vessels were dried out, and a volume 
of water equal to that of solution put in at the commencement of the 
experiment, introduced into each: it was of course found that the level 
of the water was above that of the mark indicating that of the solution 
at the end of the experiment, and it was simply necessary to suck up 
water from the vessel into a burette provided with a capillary nozzle, 
till the water level coincided with the mark, in order to determine the 
absorption of water from the solution during the experiment. 

The vessels used in these experiments are not those used in the 
previous diffusions into water. The surface of parchment paper exposed 
in the experiments detailed in this paper is 157°4 sq. cms.*, and in all 
cases 125 c.c. of solution were placed in the outer vessel and 125 c.c. of 
serum in the dialyser tube. 

Before proceeding to the actual experiments the following general 
points had to be considered. 

1. Since large amounts of serum are required (1500c.c.) for each 
experiment and since the resources of the neighbourhood could not 
supply such amounts of dog’s serum, it was necessary to decide whether 
the substitution of ox serum for that of the dog materially affected the 
result. 


(a) Preliminary trial of dialyser tubes with 125 c.c. of 1 °/, glucose solu- 
tion diffusing into 125 c.c. of stirred distilled water for 2 hrs. at 38° O. 


1 This Journal, xrx. p. 240. 1896. 

* The “join” of the parchment tubes is made with bichromated gelatin, but as a 
whole “sausage” treated in this way did not show a marked decrease of permeability, 
no subtraction is here made for the “join” im calculating the surface. 
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Draryser A. Dratyser B. 
Mgrs. of copper reduced by 
pp final volume of solu-} 169°5=86°65 mgrs. glucose § 170°2=87°00 mgrs. glucose 
tion 
; x 12=1°0898 grms. x 12=1-0440 grms. 
“. “2102 grm. diffused = 16°81 °/, "2060 grm. diff. = 16°48 °/, 


Diffusion of Griibler’s peptone into 125 c.c. of continuously stirred serum 
of Ox and Dog without changing for 6 hrs at 38° C. 


Driatyser A. B. 
Dog’s serum Oz serum 
Weight of peptone taken 1°25 grms, 1°25 grms. 
Number of c.c. of > sulphurie acid neu. 
tralised in Kjeldahl estimation of 
final volume 
1°10376 108900 
Weight of peptone recovered (-36792 x 8) gms. (-36800 x 3) gms. 
Weight of peptone diffused "14624 grm. “16100 grm. 
Percentage weight of peptone diffused 11°69 °/, 12°88 °/, 


(6) Preliminary trial of dialysers omitted. 
Diffusion of glucose into 125 c.c, of continuously stirred serum of Ox and 
Dog without changing for 6 hrs at 39° C. 


Dratyser A. Dratyser B 
Dog’s serum Ox serum 
Weight of sugar taken 1°26 grm. 1-25 grms. 
136°4 132°0 
Mers. of copper from +}, final 135-8; 196 1 
volume of solution = 69°83 mgrs. glucose = 67-4 mgrs glucose 
Weight of sugar recovered *8816 grm. grm. 
Weight of sugar diffused 4184 grm. -4412 grm. 
Percent, wt. of sugar diffused 83°47 °/, 85-28 °/, 


The above results then seem to indicate that in experiments of this 
nature it is a matter of indifference whether the serum of the ox or the 
dog is employed, and that of the former animal has been used through- 
out the experiment. Since the experiments were conducted in winter 
the samples of ox serum were as a rule quite free from any putrid odour. 

(2) Since the estimate of the quantity of peptone diffused is based 
upon the nitrogen content of the phosphotungstic acid precipitate of 
the contents of the vessel at the end of the experiment, after previous 
treatment with trichloracetic acid, it is necessary to determine whether 
there diffuse out of serum any nitrogenous substances precipitable by 
phosphotungstic acid from the filtrate after treatment with trichlor- 
acetic acid. Nitrogenous substances not so precipitable do not affect 
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the estimations since they are cleared away in the washing of the 
precipitate. | 

The following experiment decides the point : 

125 c.c. of ox serum stirred continucusly and renewed at the end of 
each hour, diffused for 6 hrs. at 38°C. into 125c.c. of distilled water. 
At the end of the experimental period the diffusate, and the washings 
of the outside of the parchment tube, were made up to 150c.c. 

50 c.c. were evaporated to dryness, and taken up in strong sulphuric 
acid, and put through the Kjeldahl nitrogen estimation process. 

‘00448 grm. of nitrogen was found. This would represent an error 
in terms of the specimen of Griibler’s peptone used, of 035 grm. i.e. 
105 grm. for the 150c.c. and in the specimen of dialysed Witte’s 
peptone of 034 grm. i.e. ‘102 grm. for the 150 cc. 

The rest of the dialysate was treated with trichloracetic acid to 5°/,, 
heated, filtered, cooled, and treated with phosphotungstic acid. 

There was no trace of precipitate. 

Hence no error is introduced by the nitrogenous dialysates of serum 
since these are left in the filtrate in the experiments and the estimation 
of peptone made on the precipitate. 

(3) Since the estimations of sugar diffused are » based upon the 
copper-reducing power of the contents of the vessels at the end of the 
experiment it is necessary to determine to what extent copper-reducing 
substances diffuse out of serum. If such diffusion is considerable, all 
estimations of the quantity of sugar diffusing into serum from a 

solution of sugar, will be too low by the amount of reducing substance 

of different nature diffusing out into the sugar solution from the serum. 
I have made several experiments to determine the amount of this 
error. It is naturally variable with the different samples of serum. 
With some samples the diffusate into distilled water from 125c.c, of 
ox serum at 38°C., changed six times during six hours, gives absolutely 
no reduction of Fehling’s fluid. The maximum reduction that I have 
obtained has been 3°5 mgrs. of copper by 25 ¢.c. of the diffusate. In 
an experiment with 2°/, glucose of the nature of those in Table I. this 
error Only amounts to 1°6°/,, «.e. less than that unavoidable from 
difference in permeability of dialyser tubes. I have therefore dis- 
regarded this error. 

(4) It is necessary for purposes of convenience to determine the 
minimum number of renewals of the serum in the parchment tube 
during the experimental time, necessary to ensure the maximum dif- 
fusion of the most diffusible of the substances used in the experiments. 


> 


DIFFUSION AND ABSORPTION. 413 


Evidently such a trial is to be made with glucose since it is considerably 
more diffusible than peptone. 


Diffusion of 125 c.c. of 1°/, glucose solution at 38° C. for 6 hrs into 125 c.c. 


of stirred ox-serum changed, three, six, and twelve times respectively, during 
the 6 hrs. 


Three change serum Six change serum Twelve change serum 


Weight of sugar taken 1°25 grms. 1°25 grms. 1°25 grms. 
Mgrs. of copper from final 

_ of solution =66°55 glucose =60-l glucose = 60-6 glucose 
Weight of sugar recovered -7986 grm. *7212 grm. “7272 grm. 
Weight of sugar diffused -4514 grm. *5288 grm. “5228 grm. 
Pereent. wt. of sugar diffused 86°11 °/, 42°3 %, 41°83 °/, 


The experiment indicates that six changes in six hours is sufficient, 
and this has been the frequency adopted in all experiments hereafter 
mentioned. 

(5) Since the blood of a dog contains at least ‘1 °/, of glucose free 
in the plasma and capable of diffusion according to Schenck’, all 
experiments in which the diffusion of glucose solution into serum is 
being determined should be carried out into serum holding glucose in 
the above concentration. Harley* states that blood destroys added 
glucose. It is necessary therefore to determine whether serum does 
the same if in contact for 1 hr. with the glucose, since after seeing (§ 4) 
that a renewal every hour suffices to obtain the maximum diffusion 
from a glucose solution into serum, each newly added charge of serum 
can receive its glucose immediately before introduction into the parch- 
ment tube. 

The first of the two next quoted experiments confirms the destruc- 
tion of glucose by defibrinated blood as affirmed by Harley; the 
second shows that this action is associated with the presence of the 
blood corpuscles since no evidence of such destruction obtains in the 
case of serum. The analyses were made by the method detailed in a 
previous paper*. 


(i) 50cc. of defibrinated ox-blood (shed half-an-hour previously) yielded 
an extract, the reducing power of which was equal to ‘0528 grm. of glucose. 

To 50c,c, of same blood was added -0472 grm. glucose, and the mixture 
was allowed to stand for 1 hr. at 38° C. 


1 Schenck. Pfliiger’s Archiv, xuvu. p, 621. 1890. 
2 Harley. This Journal, x1. p. 391. 1891. 
3 Reid. This Journal, xx. p. 316. 1896, 
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The extract had a reducing power equal to 0940 grm. of glucose, 
Hence ‘0472 grm. glucose added, and ‘0940 grm. — ‘0528 grm. = ‘0412 grm. 


Loss during the hour ‘0060 grm. i.e. 12°71 °/,. 


(ii) 50c.c. of ox-serum yielded an extract the reducing power of which 
reckoned as glucose was 0748 grm. 

To 50c.c. of the same serum was added 0472 grm. of glucose and the 
mixture was allowed to stand for 1 hr. at 38° C. 

The extract had a reducing power equal to 1216 grm. of glucose. 

Hence ‘0472 grm. glucose added, and ‘1216 grm. — ‘0748 grm. = ‘0468 grm. 
found, 

Loss during the hour at 38°C. 0004 grm. ic. ‘84°/, (within error of 
method). 


One can therefore depend upon the concentration in glucose of the 
serum remaining unaltered for an hour, all that is required under the 
conditions of the experiments. 

Attention may be here called to the rapidity with which the salts 
of the serum diffuse into the solution in the outer vessel. The meagre 
water absorption during 6 hrs. in the experiments quoted below, Tables 
I. and II. (under 4°/,), is probably a direct result of this, whereby the 
initial difference of osmotic pressure between serum and solution tends 
to be rapidly obliterated. But the fact is also here noted because the 
relation of proteids in solution to concomitant salts is not known, and 


it is possible that the diffusibility of proteids may be affected by varia- 


tion of the salt concentration of their solutions or the solutions into 
which they are set to diffuse. 

In a diffusion of a solution of 1°/, Griibler’s peptone into ox serum 
of sp. gr. 1030 and A=°590°C., changed six times in six hours, the 
freezing point of the solution fell from —-046°C. at the start of the 
experiment to — ‘457°C. at the end, though the volume of the solution 
only fell from 125 c.c. to 120 c.c. | 

The terminal freezing points of the successive hourly charges of 
serum were as follows : 


Rise of freezing point of the charge of 
Terminal freezing of serum oreals tp hour from loss 
After 1st hour — “475° "115° C, 
” 2nd hour bes *485 ” 105 ” 
” 8rd hour ” “075 ” 
” 4th hour = “582 ” ” 
” hour ~ 645 ,, ” 
” 6th hour bred ” ” 
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Hoppe Seyler’ pointed out long ago that serum proteids diffuse 
through membranes into salt solutions (sodic and calcic chloride, and 
saltpetre) under circumstances in which they do not diffuse into 
distilled water. He also states that the presence of urea helps their 
passage. He associated the phenomenon with the osmotic current of 
water into the salt solution, saying, p. 267: “The albumin is dragged 
along with the stream of water, as sand and mud are carried by river 
water.” 

v. Regéczy* confirms this with egg albumin, through porous pots, 
pig’s bladder, eggshell membrane, and parchment paper, offers the 
same explanation, and further states that in the case of glucose also, 
more passes in a given time into a strong solution of salt than into 
water. I have got evidence of this with strong solutions of sodic 
chloride (10°/,) in the case of glucose, but with solutions of °5*/, and 
1°/, I have not been able to detect any difference between the quantity 
of glucose passing into the salt solution and into the water’. 

I certainly find that peptone diffuses faster into serum than into 
water, as is evident from the next experiment quoted. 


Diffusion of dialysed Witte’s peptone into water (distilled) and into ox 
serum. 


Both water and serum stirred continuously and changed every hour. 
Duration of experiment 6 hrs. Temp. 38°C. 


A. B. 
Distilled water Ox serum 
Weight of peptone taken 1°25 grms. 1°25 grms, 
Number of 0.0. of sulphuric 
acid neutralised in Kjeldahl 7°35 c.c. 
estimation of $ final volume 
Weight of peptone recovered 1°16841 1°13184 ('37728 x 8) grm. 
Weight of peptone diffused ‘08159 grm. 11816 grm. 
Percent. wt. of peptone diffused 6°53 °, 9°45 °, 


But I do not find that the diffusion of glucose into serum is faster 
than into water, indeed it is rather slower, as one would expect as a 
result of increased viscosity. I am therefore loth to apply here the 
explanation of Hoppe Seyler and v. Regéczy, and am more inclined 
to attribute the difference in the case of proteids, to some change in 


1 Virchow’s Archiv, rx. 1856, p. 266. 2 Pfliiger’s Archiv, xxxtv. 1884, p. 481. 
* See this Journal, xx1. p. 98. 1897. 
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the state of colloidal solution caused by the presence of salts, since we 
know that certain proteids (globulins in particular) are strangely 
affected, as regards their solubility, by the presence of neutral salts. 

I quote an illustration of diffusion of glucose into serum in com- 
parison with diffusion into water : 


Diffusion of glucose into water (distilled) and into ox serum. 


Both water and serum stirred continuously and changed every hour. 


Duration of experiment 6 hrs. Temp. 58° O. 


Dratyser A, Dutyszr B. 
Distilled water Ox serum 
Weight of sugar taken 1°25 grms. 1°25 grms. 
Mgrs. of copper reduced by 
ye final volume of solu-} 114:0=58°Omgrs. glucose 118°7=60°45 mgrs. glucose 
tion 
Weight of sugar recovered 696 grm. *7254 grm. 
Weight of sugar diffused 654 grm. 56246 grm. 
Percent. wt. of sugar diffused 44°82 °/, 41°96 °/, 


It remains now, in connection with this section of the paper, to 
indicate the effect of addition of -1°/, of glucose to each charge of 
serum, upon the diffusion of glucose. This is only considered with 
reference to the diffusion of glucose solution of the concentration of 
2°/, seeing that that is the strength used in the experiments in 
Tables I. and III. 


Diffusion of 2°), glucose solution into serum holding ‘1°/, glucose, stirred 
continuously and renewed every hour, for 6hrs. Temp. 38° C. 


A. Duyser B. 

*1 °/, glucose serum Normal serum 
Weight of sugar taken 2°5 grms. 2°5 grms. 
Mgrs. of copper reduced by 

final volume of solution = 77°8 mgrs. glucose = 73°65 mgrs. glucose 

Weight of sugar recovered 1°5560 (77°8 x 20) grm. 1°4710 (73°55 x 20) grms. 
Weight of sugar diffused 944 grm. 1-029 grms. 
Percent. wt. of sugar diffused 87°76 °/, 41°16 °/, 


As one would expect the effect of the addition of the glucose to 
the serum is quite evident. 

I next call attention to Tables I. and II. which contain the details 
of experiments to determine the ratios of diffusibility of Griibler’s 
peptone and dialysed Witte’s peptone into serum, and of glucose into 
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serum holding ‘1°/, of added glucose. The experiments were in all 
cases made with 2°/, solutions of the substances mentioned, the serum 
was changed every hour, the glucose added to the serum immediately 
before its introduction into the dialyser tubes, and stirring was only 
intermitted during the few minutes necessary for taking out the old 
charge of serum at the end of the hour and introducing the new. 

If the ratios in these Tables are compared with those quoted in 
the paper already mentioned for diffusion of the same substances into 
water, it will be seen that the ratio of the diffusibility of glucose to 
that of Griibler's peptone is very much lower (2°26 in the mean) 
in the case of diffusion into stirred and changed serum, than in the 
case of diffusion into running water (3°74 in the mean), this is in slight 
measure due to the fact that diffusion of sugar into serum holding 
traces of glucose is rather slower than into water, but chiefly due 
to the increased diffusibility of proteids into salt solutions. In the 
case of the ratio of the diffusibility of Griibler’s peptone to dialysed 
Witte’s peptone there is far less difference between the serum and 
water diffusions than in the previous case. The mean ratio for serum 
here is 1‘75 as against 2°09 for water, so that the diffusibility of the 
Witte’s peptone is raised in rather higher degree than the Griibler’s 
peptone. 

In any case however it is evident that experiments relating to 
diffusibilities of substances absorbed in the body must be conducted 
with serum and not with water. 


Eaperiments with the Intestine. 

The operative procedure employed in these experiments will be 
found in a previous paper’. The dogs were the largest obtainable 
and were deeply anesthetized with chloroform, but received in addition 
from 3 to 5 milligrammes of morphia per kilo of body weight. 

The estimations of peptone were conducted exactly in the manner 
described in the paper just mentioned, but it is necessary here to say 
a word in connection with the estimation of sugar in such experiments. 

Since I have not been able to find any accounts of the presence 
of sugar or other reducing substances in the succus entericus, the 
presence or absence of such substances had to be experimentally 
determined. 

According to Mendel* the fluid that collects in a loop of gut after 


1 This Journal, xrx. p. 256. 1896. 
2 Pfliiger’s Archiv, uxm, p. 425, 1896. 


a 


420 E. W. REID. 


division of the mesenteric nerves in a “ Moreau’s experiment” is really 
succus entericus and not a simple transudate. I therefore obtained 
some of this fluid in the ordinary manner, and after separating the 
proteids with phosphotungstic acid, boiled with Fehling’s solution 
and allowed to stand for 24 hrs. There was no trace of precipitate, 
and I conclude that sugar estimations in the gut are free of érror on 
this score. | 

I may note in passing that the polarimeter showed dextro-rotatory 
substances in solution. 

The procedure adopted, then, was very simple in comparison to 
that required in the estimation of peptone. At the end of the 
experiment the contents of the loop were emptied out, the loop stroked 
in the usual manner and the volume of unabsorbed fluid measured. 
The loop then received five successive charges of wash water, which, 
added together, were faintly acidified with acetic acid, boiled, filtered, and 
boiled down to small bulk. The reduced washings were then added to 
the fluid directly recovered, and phosphotungstic acid added till there 
was no more precipitate. The fluid was then boiled’ and cooled (by 
which procedure the separation of the proteid precipitate is much aided), 
filtered, made up to known volume after having been nearly neutralised, 
and the sugar estimated by the Allihn-Soxhlet gravimetric method. 

The “surface” of the loop of gut was measured at the end of each 
experiment, by filling with modeller’s gelatine at 40°C., allowing to 
cool, taking the mean circumference of the cylinder of jelly and mul- 
tiplying by the length of the loop. The “ villus factor” is of course 
not here taken into account and the measurements only serve for 
comparing one gut absorption with another and not for a comparison 
of absorption by parchment paper surface (Tables I. and II.), with 
gut surface (Tables III. and IV.). 

The experiments will be found in tabular form in Tables III. 
and IV. | 

The results in Table III. of a comparison of the absorption of 
glucose and Griibler’s peptone by the intestine are in marked contrast 
to the diffusion experiments in Table I. Glucose is absorbed more slowly 
than Griibler’s peptone though considerably more diffusible through 
parchment paper into serum. 

Since these experiments are only of fifteen minutes’ duration, it 
appeared possible that this unexpected result might be due rather 


1 That boiling sugar solutions with phosphotungstic acid does not destroy sugar is 
shown by an experiment in a previous paper. This Journal, xx. p. 320. 1896. 
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to some “dyeing” of the gut membrane, than to a proper diffusion 
into the blood, 

In Experiments VI. and VIL. therefore in Table III. the membrane 
of each loop underwent a preliminary soakage in the solution to be 
absorbed in the subsequent experiment. It is seen however that this 
does not affect the result and there is, so far as these experiments 
go, no other conclusion open than that the gut membrane is rather 
less permeable to glucose than to Griibler’s peptone. 

Turning to Table IV. it is seen that Witte’s and Griibler’s pep- 
tones, though of different rates of diffusibility into serum through 
parchment paper (Table II.), are absorbed from the intestine at 
practically the same rate. 

The absence of proportionality between absorbing surface and 
amount absorbed is very marked. As glaring instances may be in- 
dicated IV. Table III., where 256 sq. cms. absorbed ‘21 grm. and 
‘27 grm. respectively of glucose and peptone in contrast with II. in 
the same Table, where 34 grm. sugar and ‘29 grm. peptone was ab- 
sorbed in the same time by 125 sq. cms. Again, in Table IV. in 
Exp. VII. ‘28 grm. Griibler’s peptone and ‘23 grm. Witte’s peptone 
are absorbed by 253 sq. cms. of surface, while in Exp. I. 175 sq. cms. 
absorbed ‘37 grm. and ‘35 grm. of these substances in the same ex- 
perimental time. 

Since all the experiments are conducted under the same con- 
ditions (especially as regards pressure within the gut), it is not likely 
that these differences‘are directly due to differences in rate of renewal 
of the blood in the capillaries of the villi. 

It has already been stated above, that the small water absorptions 
in the experiments with serum and parchment tubes, are probably 
to be accounted for by the fact that the parchment paper is very 
permeable to the salts of the serum, so that equalisation of osmotic 
pressure on the two sides of the paper tends to be rapidly established. 
Since the absorption of water in the gut is so much more marked one 
can only conclude that its membrane is much less permeable to salts 
of the plasma than parchment paper. Yet it is slightly permeable 
to these salts, for in Exp. I. in Table IIL the freezing point of the 
solution actually removed from the gut at the end of the experiment 
was —°345° C., while that of a solution of glucose of the concentration 
of the remaining fluid was — ‘287°C. 

If an attempt is made to compare the rate of absorption per unit 
surface of gut membrane with that of parchment paper, the difficulty 
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at once meets us that the factor for the extension of the apparent 
surface of the gut by the villi is not only given differently by different 
observers, but the extent to which the calculated anatomical factor 
really comes into play is not known and indeed is probably variable 
in different experiments and during the course of one experiment. 

In estimating this factor the number of villi per unit surface of 
mucous membrane are counted, and their surface calculated as cylinders. 
Heidenhain' counts 2500 villi to the square centimetre of dog’s 
gut and estimates the “villus factor” at 23 for the square centimetre, 
while J. P. Mall* counts only 1600, giving a factor of 15-4. In using 
these factors we assume that the whole cylinder is dipped in the 
fluid and that its surface is equally permeable over the whole extent, 
so that we probably estimate the working surface as far greater than 
it actually is, and hence the quantity of substance absorbed per unit 
surface too low. 

If we apply these factors to the numbers in Tables III. and IV. 
and calculate the gut absorptions for the same time (6 hrs.) and surface 
(157 sq. cm.) as the parchment paper experiments Tables I. and II. 
we get: 


Grtibler’s Witte’s Water 
Sugar peptone peptone 
Parel a 
t 959 grm. 43 grm. 25 grm. 2°5 29 
‘21 (H 16°11 18°2 c.c. 
Gut (Ml, 30 24.07 [19-6 cc. 


a, b, c in the last column refer to absorptions of water from solutions 
of sugar, Griibler’s peptone and Witte’s peptone respectively. (H) 
and (M) indicate that Heidenhain’s or Mall’s “villus factor” has been 
used in calculation. 

These values for amounts absorbed are minimal, since the surface 
is calculated maximal, and are therefore of very little practical value. 

It would be interesting to make comparative experiments on 
absorption by the same piece of intestine alive and dead, with artificial 
circulation in the latter case, but unfortunately, if a piece of gut is 
kept long enough to ensure death of its tissue elements, the epithelium 
becomes detached, and the comparison would be between membranes 
of utterly different anatomical structure and therefore of no value. 


1 Pfliiger’s Archiv, xu. Sup. p. 58. 1888. 
Abhandl. d. math, -phys. Classe d. K. Stichischen Gesellech. p. 158. 1888, 
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The following conclusions seem justifiable: 

1. The diffusibility of peptone through parchment paper into 
serum is greater, that of glucose slightly less, than into water. 

2. The absorption of glucose and peptone by the gut in different 
animals is not proportional to the extent of the absorbing surface. 

3. The ratio of diffusion of glucose and Griibler’s peptone through 
parchment paper into serum holding ‘1°/, of added glucose, is not the 
ratio of the absorptions of these substances by the intestinal membrane. 
The intestinal membrane is slightly less permeable by glucose than 
by Griibler’s peptone, while parchment paper is considerably more 
permeable by glucose than by Griibler’s peptone. 

4. The relation of diffusion of Griibler’s and dialysed Witte’s 
peptone through parchment paper into serum is also not the ratio 
of the absorptions of these substances in the gut. The intestinal 
membrane is about equally permeable by both these proteids, while 
parchment paper is more permeable to the Griibler’s peptone than 
to the dialysed Witte’s peptone. 


April 20, 1897. 
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AN ACCOUNT OF CERTAIN PHENOMENA OF 
COLOUR VISION WITH INTERMITTENT LIGHT. 
By G. J. BURCH, M.A. (One Figure in Text.) 


Preliminary. 
I. General Phenomena. 
Il. Special Phenomena visible with flashes of short duration. 
Ii. Special Phenomena observable with intermittent light of great intensity. 


THE object of this paper is to put on record certain results obtained by 
myself in 1882 which have not hitherto been published though they 
have been exhibited. | 

The following considerations led me to adopt the mode of investiga- 
tion I am about to describe. 

In order to be able to study the phenomena of colour-vision 
systematically it seemed essential in the first place not only that the 
colours used should be monochromatic, but that they should each, as 
nearly as possible excite a single colour sensation. 

I found only two substances which approximately fulfil both these 
conditions, namely, vermilion glazed with magenta, which reflects red 
only, and ammonio-sulphate of copper, which in the solid state reflects 
nothing but violet, but is not permanent except in sealed tubes. I 
decided therefore to employ none but spectral colours. The method of 
simultaneous projection on a white surface proved unsuitable for my 
purpose, not affording an illumination of sufficient intensity with the 
means at my disposal. In the second place, since there is some 
variation in the relative sensitiveness to different colours in different 
parts of the retina, I was led to conclude that phenomena might be 
discernible with a large illuminated area which would be overlooked 
in a small colour patch. 

I have therefore used a spectroscope of wide dispersion furnished 
with an eye-piece having a very large field of view, and a slit so 
arranged that the spectrum, instead of being confined to a narrow band 
filled the entire visible area. 

Phenomena become plainly visible with this arrangement that can 
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only be detected with an ordinary spectroscope when the observer 
knows what to look for. 


For the purpose of intermittent illumination I employed an arrange- 
ment shown in Fig. 1. The apparatus consisted of a disc of zinc 
30 cms. in diameter, with four radial slits starting about 4 cms. from 
the centre with a width of 22}°, and narrowing down to 2° at 10 cms. 
from the centre. From this point outwards two of them continued with 
the same angular width, one extending to within 2 cms. of the edge, and 


Fie. 1. 


the other, opposite to it, stopping 3 cms. from the edge. With this 
apparatus the flash-ratio, or relative duration of light and darkness, 
could be varied continuously from 1 : 3 to 1 : 44 by shifting the centre 
of the disc farther from the optic axis, and beyond this point were two 
positions which gave flash-ratios of 1 : 89 and 1 : 179 respectively. 

I also made a disc with a single slit with a width of 8° near the 
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centre, and narrowing down to 1° near the edge, for experimenting on 
intermediate flash-ratios, but found no advantage in so doing as the 
phenomena appear to be confined to two classes, viz. those accompanying 
very short sharp flashes, and those connected with the more intense 
intermittent illumination given with considerably wider slits. — 
, To ascertain the velocity of the disc at any moment, its periphery 
was pierced with 64 equidistant holes, and a tube so fixed that on 
blowing through it a note was given out. A piano within reach of my 
arm enabled me to determine the pitch with some degree of accuray. 
Sun-light from a heliostat was focussed on to the disc by a six-inch 
lens, and on the other side of it a second lens converged the rays on to 
the slit of the spectroscope. Thus the entire spectrum was illuminated 
by a series of sharply defined flashes when the dise revolved. By means 
of a comparison prism a band of continuous light of any desired 
intensity could be introduced, and the width of this band could be 
varied at pleasure. 


I. General phenomena, more or less independent of the flash-ratio. 


With very slow speeds, when the eye can almost distinguish each 
separate flash, there is a distinct consciousness as though the sensation 
of light were not excited in all parts of the retina simultaneously. With 
a spectroscope of small dispersion the tendency is to associate this effect 
with the different parts of the spectrum. It is in fact an illustration of 
the now well-known phenomenon that the speed for which “ flickering” 
is @ Maximum is different for the different colours. But when a dis- 
persion is used so wide that the field of view is sensibly all of one 
colour, then it becomes evident that the sensation of light as a whole 
dies out about the middle of the field, and on closer observatior it is 
seen to die out so as to leave patches forming a sort of pattern, strongly 
suggestive of the interspaces between Purkinje’s figures. 

This is most evident when the speed is slowly raised until maximum 
flickering is observed, and then kept steady for some time. Taken in 
connection with the fact that the rate of maximum flicker is not the 
same for all parts of the spectrum I consider that this phenomenon 
affords a clue to the explanation of the spectrum top. 

I have made many attempts to fix the rate of maximum flicker for 
each colour, but conclude that it varies with the health of the observer. 

With myself it was a minimum in 1886—9, after an illness, being 
then quite 25°/, lower than in 1882 when I made the apparatus. At 
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present it does not greatly differ from the values first obtained, but the 
time-relations evidently change somewhat from day to day. Speaking 
generally, in those states of health in which there is a sensation of being 
dazzled on going out of a room into the open air, the rate of maximum 
flicker is low. 

It is, however, difficult to fix on any well-marked stage of the pheno- 
menon as a criterion. The appearance of the characteristic pattern 
seems most definite to myself, but I cannot satisfy myself that it occurs 
always at the same speed for each colour. Other observers have taken 
the speed at which flickering ceases. To me this seems rather indefinite, 
as there is a curious tremor which persists even when the velocity is two 
or three times that which might be called the limit of flickering, and 
yet there is no true boundary between the two phenomena. I find that 
an increase of from 6 to 12 per cent. in the number of flashes per 
second is necessary to extinguish flickering, and leave only tremor. 
This tremor is much more marked in the spectroscope than with the 
colour-patch, or with revolving discs of coloured paper. 

The following figures show in round numbers the rates beyond 
which in my own case flickering passes into tremor for the principal 
Frauenhofer lines during normal health. They are the means of all 
the measurements of which I have preserved the records during the 
years 1882, 83, 84, and 1890, 91; 93, 94, 96, and 97. 


B=21; C=30; D=38; E=41 

b= 45; F=35; G=27; H=16. 
The variation is greatest in the violet. In 1888 I could not detect 
any flickering at H with more than 8 or 10 flashes per second. At G 
the rate was about 20, and at b only a little over 30 flashes per second. 


Special Phenomena visible with Flashes of Short Duration. 
With a slit of 2° and 358° darkness, the disc making about 23 
revolutions per second, a new set of phenomena become manifest. A 
well-defined absorption band, visible even without a comparison spectrum 
appears in the red between Cand D. That this is not merely an effect 
of contrast is proved by the fact that it becomes still more plainly 
visible with a dispersion so wide that the space between B and D 
occupies the whole field. It is of a distinctly brown colour, But it 
cannot be easily detected with a spectroscope in which the slit is short 
and the band of colours narrow, for the following reason. 
On looking at it steadily for some time it is seen to be not straight, 
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but curved towards the yellow in that region of its length on which the 
attention is concentrated. Evidently the bend in this absorption band 
is associated with the yellow spot, for on directing the eye towards the 
upper and lower part of the field by turns the bend moves up and down 
with it. The corresponding effect follows if the spectroscope is fixed 
with its slit horizontal—the absorption band is then horizontal, and the 
bend moves from side to side according to the direction of the line of 
sight. These facts may be expressed by saying that with this flash-ratio 
and rate of intermittence the general area of the retina is much less 
strongly affected by wave-lengths of about 6200 tenth-metres than by 
either 6500 or 5900 tenth-metre waves, but that in the case of the 
yellow spot, this minimum of sensitiveness although equally well 
marked, belongs to a different part of the spectrum, namely 5700 or 
thereabouts. In other words this apparent absorption-band is in the 
scarlet for the retina as a whole, and in the yellowish orange beyond D 
for the yellow spot. Nor is this difference confined to the red and 
yellow. Although between the other colours there is no such plainly 
marked band, there is a perceptible falling off in brilliancy separating 
one region from another, and when the attention is directed to the 
debateable ground between them a corresponding curve towards the 
more refrangible end of the spectrum can be seen about the yellow spot. 
The brightest green is bluer, and the brightest blue more indigo with 
this particular kind of flashing illumination, for the yellow spot than 
for the rest of the retina, and the yellow spot locates the brightest 
violet beyond the H lines. 

Returning to the red end of the spectrum and continuing the flashes 
at the lowest rate at. which the phenomenon is visible, after a minute or 
two, the yellow spot becomes subjectively very evident. Looking 
steadily at the part inside the bend of the absorption band, it is seen 
to be occupied by an irregular group of brilliant red dots on a ground 
of beetle-green or steel-blue. At the same time the red between the 
absorption band and the line B becomes brilliantly luminous, and of a 
rich geranium-red from one end to the other. The absorption band 
itself seems of a dirty mahogany brown, the red between it and the 
D-line being of much the same tint as it has by continuous light. 

In one experiment, in which the blue-violet alone was in the field of 
view, I perceived a similar group of luminous spots in the region of the 
yellow spot, but the colours were not the same. 

I have shown these experiments to a number of people, some of 
whom were physiologists, others artizans not used to the spectroscope, 
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but they described it as I have described it above. The phenomena 
are doubtless connected with the rate at which the impressions due to 
light of different wave-lengths develope and subside in consequence of 
the excitation of various regions of the retina. They indicate a special 
action of the yellow spot which is worthy of farther investigation. 


- With the dark-adapted eye the absorption band can be seen by 


the light of a lamp, but it is not nearly so well defined. The 
phenomena are most easily perceived with an intensity of illumination 
which, owing to the wide area of the field of view, almost instantly 
produces the condition of light-adaptation. 


IIL Special Phenomenon observable with Intermittent Light 
of Great Intensity. 

Before describing the phenomena under the above heading I must 
premise that I do not know how far they are dependent on the relative 
ratio of flash and eclipse, or to what extent they are to be ascribed to 
the increased intensity of the illumination, since with my apparatus I 
am not able to get a strong enough light with a flash-ratio of 1 : 40, 


which is the lowest at which the absorption band can be readily | 


detected. 

When the disc is placed so as to give a flash-ratio of 1:3 or 1: 4, 
with an arc lamp as source of light, and the slit of the spectroscope 
rather wide, so that the intensity of vhe illumination is as great as can 
be borne, the appearance of the spectrum is strikingly different. After 
a few seconds when the eye gets accustomed to the strong light, it is 
seen that the continuity of the colours is gone, and that there are now 
three bands of strong colour, viz. red, green and blue, upon a pale but 
brightly illuminated ground. Between the intense red and the rich 
green is a space of a colour between yellow-ochre and raw-sienna, but 
very pale. Between the green and the bright blue is a region of pale 
greenish blue passing into steel blue. Beyond the blue is a bright lilac 
space. Farther than this cannot be seen while the red end of the 
spectrum is in the field, because of the overpowering intensity of the 
light in the neighbourhood of the yellow-green. But by shifting the 
prisms so that the 6 lines come on the extreme left while the @ line 
occupies the middle of the field, the H lines, whenever they flash up, 
appear of a deep rich violet contrasting strongly with the pale lilac tint 
of the region about G. This was best seen with sunlight using a flash- 
ratio of 1 : 10 as the Helios. lamp at my disposal was not rich enough 
in violet rays. With sunlight I see considerably beyond the H lines 
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and the colour of the spectrum in that part is of a most intense violet: 
hue, whereas between G and H it is much less saturated. The pheno- 
menon can be seen with from 27 to 55 flashes per second, but at present 
(1897) 40 appears to be about the best rate. 

- The imerease in the relative brilliancy and intensity of the violet 
under flashing light is most remarkable. When the illumination is 
continuous the luminosity of the spectrum seems to diminish very 
rapidly beyond G, and in order to detect anything beyond H it is 
necessary to shield the eye from extraneous light. But with the 
revolving disc, the H lines stand out against a magnificent violet 
background extending from about half way towards G to an equal 
distance beyond H and then gradually fading away, but having the 
same hue throughout. It seems probable that owing to the more rapid 
fading away of the colour sensations evoked by the less refrangible 
rays, an effect is produced equivalent to a diminution of their relative 
intensity in the spectrum. The phenomenon can be seen equally well 
with sunlight, the electric light, or the gaseous spectra, and in particular, 
with the blue spectrum of Argon. 

My own hypothesis in explanation of these experiments is as 
follows :— | 

Each colour sensation is capable of being stimulated by light-vibra- 
tions having an oscillation-frequency within from 10 to 12 per cent. on 
either side of a certain optimum period. With the very bright light I 
employ the maximum excitation appears to be produced in each case by 
the whole range of vibrations which come within these limits. But 
owing to the intermittent character of the illumination the resulting 
sensation is not so intense as to prevent the observer from recognizing 
the greater apparent brilliancy of those portions of the spectrum where 
two colour sensations overlap, and accordingly these parts look brighter 
than the rest and have the pale tints of binary colour-blends. 

I am fully aware that this hypothesis is more in accordance with 
the Young-Helmholtz theory than with that of Hering, and also that 
it implies the existence, at any rate in my own case; of a blue colour 
sensation in addition to violet, but other experiments which I hope 
shortly to publish, tend to the same conclusion. 

In a matter depending so much upon purely subjective impressions, — 
it is important that the results should be confirmed by more than one 
observer. For myself, I can only say that they appear now exactly as 
they did in 1882, nearly fifteen years ago, when I first made the 


experiments. 
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POSTSCRIPTUM. 


Since the above was written, Haycraft has published, in his paper 
on Luminosity and Photometry’ a series of curves showing the number 
of flashes per second at which flickering ceases in different parts of the 
spectrum with light of various degrees of intensity. There is a wide 
difference between his results and those given in my paper, which is 
however more apparent than real, being due mainly to the particular 
flash-ratio employed by him. 

Flickering I take to be essentially a phenomenon rather of the 
subsidence of a sensation than its development, and hence in com- 
paring experiments with such different apparatus, we must consider, 
not the total interval between flash and flash, but the duration of the 
eclipse or period of darkness. 

Haycraft uses a semi-disc, so that his flash-ratio is 1:1, and with 
this he gets about 19 per second as the maximum rate at which 
flickering is seen in any part of the spectrum. My figures relate to 
a flash-ratio of not more than 1:40 and I find that flickering passes 
into tremor at a maximum of 45 flashes per second with bright 
sunlight. The eclipse is therefore in my experiments about ath 
sec. and in Haycraft’s » sec. 

In order to compare Haycraft’s results with my own, I have 
calculated from his curves the approximate duration of the intervals 
of darkness which just suffices to produce flickering for each of the 
principal Frauenhofer lines. They are as follows: 


Hayeoraft Barch Haycraft Burch 
B "0368 sec. -0465 sec. b 0333 0217 sec. 
C 0321 0326 F 0410 0277 
D 0267 ‘0257 G “1087 0362 
E 0327 0238 H 0611 


My figures relate to sunlight and also, since 1893, to the are light, 
whereas Haycraft appears to have used a lamp. This probably 
accounts for his placing the maximum so much nearer the orange. 
With the electric light, on diminishing the current, the rate of flicker 
falls off in the more refrangible parts of the spectrum, so that the 
maximum occurs in the yellow-green. This is apparently due to the 
reduction in temperature of the crater and is distinct from the physio- 
logical phenomena. By candle-light I find the maximum in the orange. 


1 This Journal, xx1, p. 141. 1897. 
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It will be observed that with my apparatus the apparent intensity 
of the illumination can be varied in two ways, viz.: by opening and 
closing the slit of the spectroscope, or by changing the position of the 
disc so as to alter the flash ratio. — 

By the latter method the shorter duration of the eclipse is to a 
certain extent compensated, when light of moderate intensity is used, 
by the increased stimulation due to the greater length of the flash, so 
that for a considerable range of flash-ratios there is no very marked 
difference in the speed at which the disc must revolve to cause the 
disappearance of flickering. But on largely increasing the flash-ratio 
the speed of the disc has to be diminished. Thus a semi-disc must 
make about one-half, and a quarter-disc one-fourth the number of 
revolutions per second, to produce with a moderate light the same 
effect as an intense light gives with a flash-ratio of 1: 88. The simi- 
larity however only applies to the cessation of the flickering, the special 
phenomena referred to in the present paper being only visible with 
light of great intensity. 

With the electric arc or with sunlight, the maximum rate of flicker 
is not much affected either by opening the slit of the spectroscope or 
by varying the flash-ratio from 1: 179 to 1: 40, and I therefore selected 
this kind of illumination in making my measurements from year to 
year, being careful on each occasion to assure myself that the rate of 
flickering could not be pushed higher by any increase of the amount 
of light. 

This is in complete accord with Haycraft’s anticipation’ and I can 
confirm his observation of the diminution of the rate of flickering with 
a feeble light. 


1 This Journal, p. 139, line 8 from the bottom. 
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ON THE INFLUENCE OF ARTIFICIAL RESPIRATION 
AND OF sg TETRAHYDRONAPTHYLAMINE ON THE 
BODY TEMPERATURE. By JOHN FAWCETT, MD. 
Demonstrator of Physiology and Beaney Research Scholar at 
Guy's Hospital, anv W. HALE WHITE, M.D., Physician to, 


and Lecturer on Pharmacology at, Guy's Hospital. 


(From the Physiological Laboratory, Guy's Hospital.) 


STERN* called attention to the fact that @ tetrahydronapthylamine 
will when injected into a rabbit very quickly cause a rise of 45°C. in 
the rectal temperature. Such a remarkable pyretic drug seemed to us 
worthy of fuller investigation. We employed a 3 per cent. aqueous 
solution and always gave it subcutaneously. 

The following table compiled from our experiments shows that the 
drug does very rapidly produce considerable pyrexia. The experiments 
themselves are given in detail at the end of this paper. 


TABLE I. 


Showing result of injecting a 3°/, solution of 8 tetrahydronapthyl 
subcutaneously in five rabbits. 


Ww : Time taken | Temp. at paw Rise in | Rise in 


1, 2400 8 6.6. 8 hrs 101°6 107°4 58 8°2 
2. | 2050 | 8 oc. | Ighrs | 1027 | 1126 | 99 | 5% 
8. 8570 4 6.6. 2 hrs 103°1 106°8 8°7 21 
4. | 2200 | 8 oc. | Qhrs | 101-4 | 1043 | 29 | 146 
5. 2200 8°5 ¢.c. 4 hrs 101°8 105°0 3°2 2°2 


The table speaks for itself. It will be seen that in one animal a 
rise of 5°5°C. took place. This rabbit died, but in one that recovered 
the temperature rose 32°C. in three hours. We know of no drug that 
will produce results at all comparable to this, and so great and so rapid 
a rise hardly ever occurs even in disease. 

1 Virchow’s Archiv, oxv. p. 14. 1889. 
PH. XXI. 29 
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In all five experiments the pulse and respiration were enormously 
increased in rapidity, often both were so quick that they were un- 
countable. As animals which, like rabbits, do not perspire must lose 
most of the heat they part with by the lungs, the rise of temperature 
produced by £8 tetrahydronapthylamine cannot have been due to a 
diminution of the loss of heat. Indeed, judging by the rapidity of 
respiration this must have been much more rapid than usual, and 
probably the creature was, by increasing its heat loss, struggling against 
the rise of temperature produced by the drug. The animals for an 
hour or two after the drug was injected were usually rather restless. 
frequently shifting their position and turning round, but they never ran 
about, nor made any prolonged severe muscular movements. This 
restlessness was always followed by marked loss of muscular power, but 
nevertheless the temperature continued to rise. The only animal that 
had convulsions was the one which died, and they did not appear until 
shortly before death. 

These facts seem to us to be strongly in favour of the view that 
the drug has in some way greatly increased the production of heat and 
that this increased production is not due to muscular movement for the 
rise seems to us altogether too great and too rapid for it to be caused 
even in large part by the increased muscular movement due to the 
greater rapidity of the respiration and pulse. Stern also was of opinion 
that the muscular movements were not sufficient to explain the rise of 
temperature, for in his experiments it sometimes occurred in animals 
which were quiet, without any drug being given to keep them quiet, as 
well as in those which were kept quiet by morphia. Further, the rise of 
temperature, that is seen in animals convulsed with strychnine is never 
nearly as great as that produced by 8 tetrahydronapthylamine, although 
the rabbits under the influence of this drug never showed muscular 
contractions comparable to those produced by strychnine. Then too 
some experiments performed by Mosso* go to show that even the 
comparatively slight rise of temperature in strychnine poisoning is not 
solely due to muscular contractions. 

We do not observe any of the variations in the size of the pupil, or 
the vessels of the eye that Stern mentions. 

It is well known that damage to the corpus striatum in rabbits will 
cause a great and rapid rise of temperature and one of us has published 
several experiments* showing this. The rise produced by 8 tetrahydro- 

\ Virchow’s Archiv, ovt. p. 80. 1886. 
* This Journal, x1. and xn. 
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napthylamine resembles in extent and rapidity that caused by these 
injuries and therefore we performed several experiments to try and find 
out the exact manner in which the drug acted. 

First we took four rabbits. Each had ether administered to it, each 
had the spinal cord cut just below the medulla and in each tracheotomy 
was performed and artificial respiration was kept up for some hours. 
Two of the four had 8 tetrahydronapthylamine injected subcutaneously ; 
the other two were employed as control animals. We thought that if 
in the two animals which had the drug the fall of temperature due to 
section of the cord did not take place it might be because the pyretic 
effect of the drug had fallen on structures peripheral to the brain and 
had counteracted the fall due to section of the cord. 

Reference to the appendix will show that in all four animals the 
temperature fell very considerably and these experiments appeared 
to indicate therefore that 8 tetrahydronapthylamine produced pyrexia 
by its action on the brain and that when the cord was cut high up 
it did not act because impulses could not proceed from the brain to 
the thermogenetic tissues. We did similar experiments on two rabbits, 
one of which had the drug and the other was used as a control, but 
both were wrapped in cotton-wool. It will be seen that in both the 
temperature fell. The fall in the control was the greater but the 
difference was not striking enough to be of any value. 

We next examined the effect of 8 tetrahydronapthylamine on 
animals «inder the influence of curare which by its action on muscle 
nerve endings paralyses the thermogenetic function of muscle. Six 
rabbits were taken, all were curarized and artificial respiration was 
carried on. Three had the drug subcutaneously, three were used as 
controls, two of the animals which had the drug and two controls were 
wrapped in cotton-wool. It will be noticed (see appendix) that in 
all six there was a considerable fall of temperature and in only one 
rabbit which had the drug was there a distinct delay in the fall 
(viz. Exp. IL). | 

These experiments appear to show that if the drug has any 
influence in overcoming the action of curare it is at least a feeble 
one, for even when it is given to curarized animals the temperature 
still falls considerably and probably it would require many very careful 
and difficult experiments to determine the precise relationship be- 
tween the two drugs. 


It seemed to us necessary, therefore, before proceeding further 


with our investigation of tetrahydronapthylamine to make control 
29—2 
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experiments upon the combined effect of the anesthetic artificial respi- 
ration and tying down upon rabbits. One of us has already shown’ 
that the effect upon the temperature of etherization and holding down 
for two or three minutes is so slight that it may be neglected. But 
Binz’ quoting Kappeler shows that out of a large number of more 
prolonged etherizations the temperature in man fell on the average 
0°68°C.; Pembrey*® has proved that the temperature falls in anws- 
thetized mice; and Le Gallois* as long ago as 1817 showed that 
artificial respiration alone caused the temperature to fall. 

The following table shows the effect upon six rabbits of keeping 
them fully under ether for about two hours, during which the animal 
was fixed to a board in the usual way and artificial respiration was 
carried on through an opening in the trachea. The experiments were 
always done in pairs, one animal having § tetrahydronapthylamine . 
injected, the other being used as a control. 


TABLE I. 


Fall ofT. which T. 
No.1. Ether, fixing down, artificial respiration Control  4°8°C. 39 hrs 


No, 2. ” ” ” Drug 20 ” 33 ” 
No. 8. ” ” ” Control 2-2 ” 23 ” 
No. 4. ” ” ” Drug 28 ,, 24 ” 
No. 5. »  @ontrol 84,, 88 ,, 
No. 6. ” ” ” Drug 3-4 ” 33 ” 


Nos. 8, 4, 5 and 6 were wrapped in cotton-wool. 


These experiments show conclusively a fact which future workers 
must most carefully bear in mind and which has not been sufficiently 
insisted upon, namely that the combined influence of the anesthetic, 
artificial respiration and fixing a rabbit to a board produces such a 
marked fall in the animal’s temperature that this method of ex- 
periment is quite inapplicable for working out problems dealing with 
the variations of temperature of rabbits produced by. drugs. Con- 
sequently we believe that our experiments upon the action of 8 
tetrahydronapthylamine upon rabbits whose cords are cut or which 
are under the influence of curare prove nothing about the mode of 
action of the drug. Further, if sufficient curare is given to a rabbit 


1 This Journal, x1. p. 4. 1890. 

2 Lectures on Pharmacology, Syd. Soc. Trans. p. 11, 

* This Journal, xvu. (Proceedings of Phys. Society, Feb. 16, 1895). 
* Ann, de Chemie et de Phys. rv. 1817. | 
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to render artificial respiration necessary we must be extremely cautious 
in attributing the fall of temperature which takes place to the curare. 
Lastly, we learn that 8 tetrahydronapthylamine has no marked 
or certain power of preventing the fall of temperature which ensues 
when a rabbit under ether has artificial respiration performed for 


some hours. 


APPENDIX. 


The following are the detailed accounts of the experiments referred to above. All 


were made upon rabbits. 


I, Results of injecting a 8°), solution of the drug subcutaneously. 


(1) Weight 2,400 grms. 
1.80 Temp. before injection 
1.85 8c.c. of solution injected 
20 mins. after injection 39°3 


40°5 
lhr30 ,, 41°5 
2hr ,, 41°9 


4.30—7.0 Gradual fall to 39°38 


(2) Weight 2,050 grms. 
12 noon. Temp. before injection 39-3° C. 
8 c.c. of solution injected 

85 mins. after injection 40°3 

lhr45_,, 
Animal commenced to have convulsions 
at 1.45 and temp. rapidly rose to 44-8° fol- 


lowed by death in 5 mins. 


(5) Weight 2,200 grms. 


(3) Weight 3,570 grms. 
11.45 Temp. before injection 
8 c.c. of solution injected 


(4) Weight 2,200 grms. 
1.30 Temp. before injection 
3 ¢.c. of solution injected 
1 hr after injection 


3 ” ” 
4,30—6.10 Gradual fall to 


11.30 Temp. before injection 38°8° C. 
8°5 c.c. of solution injected 
45 mins. after injection 39°3 


1 hr 15 ” 


1.55 2 ¢.c. solution injected 
80 mins. after injection 40°2 


6.0 Gradual fall since 4p.m.to 89°4 


40°8 
41°0 
40°8 


3 
| 55 mins. after injection  40°3 
1 hr 25 ” 41°2 
lhr55 41°6 4 
| ,, j 
2.40—4.10 Gradual fall to 39°0 
| 88°6° C. 7 
89°2 
24 ” 9 40°2 
| 
| 
39°5 
Lhr 
1 hr 80 mins. 
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Il. Al animals anesthetized with A.C.E. mixture, tracheotomized and artificial 
respiration performed after having divided spinal cord just below medulla. 


1, (a) Weight 2,400 grms. 
11.80 Temp. before placing on 


12.25 Spinal cord divided 
10 mins. after cord divided 385°6 
20 
50s, ” 33-2 
1.20 8c.c, of solution injected 
25 mins. after injection 81°6 
55 ” ” 80°7 
2.40 8c.c, of solution injected 
5 mins, after injection 29°5 


(b) Control. Weight 2,800 grms. 
Temp. before placing on 
table 


After fixing on table 
12.55 Spinal cord divided 
20 mins. after cord divided 
50 Cl, ” ” 
,, ” 
1 hr 50 
2 hr 20 ” 
2hr 50 ” 


2. Conditions of experiment exactly as in II. 1. 


(c) Weight 2,180 grms. 
Temp. after fixing on 


table 89°4° 0. 


10.30 Spinal cord divided 
5 mins. after cord divided 36°0 
11.27 8c.c. of solution injected 
8 mins. after injection 82-0 
33 ” ” 80°4 
12.86 38c.c. of solution injected 
24 mins. after injection 28°2 
lhr2_,, 25°8 
2hr 9 ” ” 24°4 


(4) Control. Weight 2,300 grms. 
Temp. after fixing on 
table 


11.20 Spinal cord divided 


5 mins. after cord divided 
45 ” ” ” 
1 hr 45 ” ” ” 
2 hr 45 ” ” ” 
Shr45. 


87°8° C. 
87°4 


29°0 
27°65 
27°0 


88°2°C. 


366 
84-6 
81°2 
29-0 
27-0 


8. Conditions of experiments here exactly similar to those above noted with the 
addition that the rabbits were both wrapped up in cotton-wool. 


(e) Weight 1,750 grms. 
Temp. after fixing on 


table 86°6° C. 


12 noon. Spinal cord divided 
5 mins. after cord divided 35°4 
12.25 4c.c. of solution injected 
5 mins. after injection 84:4 
55 ” 83°6 


2.15 2-c.c. of solution 

45 mins, after injection 82°6 
lhr45,, 
2hr 5 810 


(f) Control. Weight 2,100 grms. 
Temp. after fixing on 


10 mins. after cord divided 
lhr 
lhr 50 mins. 
2hr50. 
8 hr 50 +h) ” ” 

” 


| table 88°5° C. 

i Temp. after fixing on 

table 87°9 

85 28°5 

lhr 6 ,, 27°5 

_ table 88°6° C. 

7 12.20 Spinal cord divided | 

85°4 

33-6 

32-0 

30°6 

29°4 

4 
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III. Animals anesthetized during course of experiments as before, tracheotomy performed 
and artificial respiration used throughout experiments. Curare injected into vein. 


1. (a) Weight 2,860 grms. (>) Control. Weight 2,600 grms. 
Temp. after fixing on Temp. after fixing on 
table 87°8° C. table 38°6° C. 
11,45 08 c.c. of 2°, solution 11.45 of curare solution 
of curare injected injected 
11.55 8 0.0. of solution of tetra- 12.0 87°8 
hy pthyl in- 12.20 0-1 ¢.c. of curare solution 
jected injected 
12.30 83°0 12.55 0-1 ¢.c. of curare solution 
12.55 0-1 c.c. of same curare injected 
solution injected 1.0 34°6 
1.6 81°6 1.80 of curare solution 
17 8 c.c. of tetrahydronap- injected 
thylamine solution in- 1.85 bis 83°0 
jected 1.50 ‘dy 82°8 
1.380 of curare solution 2.30 82°6 
injected - 2.55 0°2c.c. of curare solution 
1,85 Ae 81°4 injected 
2.55 0-20¢.c. of curare solution 8.40 0°2c.c. of curare solution 
injected injected 
3.0 29°8 4.0 abs 29°6 
8.80 ioe 29°0 
8.40 of curare solution 
injected 


2. Animals both wrapped up in cotton-wool. Procedure exactly as in previous 


experiment. 
(c) Weight 2,450 grmas. (d) Control. Weight 2,500 grms. 
12.30 Temp. after fixing on . 12.30 Temp. after fixing on 
table 36°4° C. table 882°C. 
12.40 0-4 of solution 12.40 0-4¢.c. of curare solution 
curare injected injected ame 
12.45 4 of tetrahydronap- 1.0 
thylamine solution in- Small doses of curare | 
tected solution injected at in- 85-2 
85-8 ry tervals, as in former 34°6 
2.5) Small doses of curare periment 33-2 
30 solution injected at in- 846 
tervals, as in former 
4.0 84°0 
33-2 
Thus in rabbit injected with tetrahyd thylamine temp. fell 3-2°C. in 4} hours, 


Thus in control rabbit 
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3. Experiments performed on two animals exactly as in 2 ¢ and d. 
In injected animal temperature fell 1°6° 0. in 4} hrs. 
In control animal temperature fell 1°8° CO. in 4} hrs. 


IV. Animals anesthetized, tracheotomy performed and artificial respiration carried 
out as in the previous cases. 


1. 2,200 grms. (6) Control. grms. 
87°2°C. 12.15 87°4°C. 
drug injected 2.0 85°4 
40 mins. after injection 36°4 3.0 84°8 
lhr 40 856 4.0 be 34°0 
2,35 20.0. "8°/, solution of drug 
injected 
25 mins. after injection 35°0 
lhr25_,, 33°8 


Both above animals wrapped in cotton-wool. 
Temperature fell exactly the same amount in each case. 


2. (c) Weight 2,100 grms. (d) Control. Weight 2,220 grms. 
4c.c. of solution of drug first injected Temperature fell 2°2° C. in 24 hrs. 
and in 1} hrs 2¢.c. 
Temperature fell 2°8° C. in 24 hrs, 


In these two experiments animals also wrapped up in cotton-wool. 


8. (e) Weight 1,900 grms. (f) Control. Weight 1,350 grms. 
8 c.c. of solution of drug first injected Temperature at 12.30 was 37°4°C. 
and then 1 c.c. 
Temperature at 12.30 was 86°4° C. 
” ” 4.15 ” 84°4. 


1 The difference, as seen in Table II., between injected and control animals is probably 
too great, as the injected animal owing to some difficulty in operation was left tied out on 
board at least half an hour longer than the control before the first temperature was taken. 

The rate of artificial respiration apparatus was about 18 per minute, which was rather 
slower than we wished, but owing to our apparatus we were unable to obtain a quicker 
rate. 
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THE RELATION OF THE RESPIRATORY EXCHANGE 
OF COLD-BLOODED ANIMALS TO TEMPERA. 
TURE. Part II. By H. M. VERNON, MA, MB. 
George Henry Lewes Student. (Fourteen Figures in Text.) 


(From the Physiological Laboratory, Oxford.) 


In a former communication', of a somewhat preliminary nature, an 
account was given of observations on the relation of the carbonic acid 
discharge of frogs to temperature. In the present communication, I 
wish to describe the continuation of these experiments, both upon frogs 
and other cold-blooded animals. } 

The form of apparatus employed and the method of experimental 
procedure adopted were practically unchanged. It will therefore be 
unnecessary to describe them again in detail. Suffice it to say that the 
method consists in drawing a current of air, freed from carbonic acid 
and moisture by allowing it to pass through two Woulffe’s bottles 
containing respectively soda lime and pumice saturated with sulphuric 
acid, through the animal chamber, and thence through a series of 
absorption tubes. The first pair of tubes contain pumice saturated with 
sulphuric acid, to absorb the moisture: the second, a tube of soda lime, 
and one of acid-saturated pumice, to absorb the carbonic acid. The 
third pair of tubes is constituted similarly to the second, and is present 
merely to test the completeness of their absorption. This gravimetric 
method of estimating respiratory exchange is the one described by 
Haldane*. 

The method of observation consists in first cooling the frog or other 
animal under experiment down to about 2°C., and measuring the 
carbonic acid discharge at this temperature. The temperature is then 
gradually raised, the carbonic acid discharge being determined over 
temperature intervals, of which the mean temperatures are 6°, 10°, 
12°5°, and so on up to 30°. The temperature is then gradually lowered 
to 2°, the carbonic acid discharge being again determined at the same 
temperatures as before. The complete experiment takes on an average _ 

' This Journal, xvu. p. 277. 1894. * This Journal, xu. p. 419. 1892. 
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about ten hours; the animal, in consequence of its slight metabolism, 
_ being kept under observation for half an hour or more at each of the 
lower temperatures, and for about a quarter of an hour at each of the 
higher. In the previously described experiments, the frog was as a 
rule warmed to only 25°, and hence the periods during which it was 
kept under observation at each temperature were rather longer. Also 
in the present experiments, it was thought best to first gradually 
warm the animal from 2° to 30°, and then cool it, instead of first 
cooling it gradually from 30° and then warming it, as was sometimes 
done in the previous experiments; for in such a case the carbonic acid 
discharge is always first determined under what are practically normal 
conditions as to temperature, whilst after the animal has been heated 
to the quite abnormal temperature of 30°, it might perhaps be unable 
to at once regain its normal condition when cooled again to lower 
temperatures. 

In the present experiments the temperature of the frog was taken 
by allowing the bulb of a delicate thermometer, which could be read to 
‘01° C., to press closely against the abdomen of the frog. This was 
thought to be better than the old plan of placing the bulb in the 
cesophagus of the frog, which prevents the proper respiratory action of 
the lungs. 

The results obtained are given in tabular form at the end of the 
paper. There it will be seen that all the carbonic acid values are 
calculated out in milligrams per hour per kilo of body weight, and 
hence are directly comparable with each other. All the values are 
reduced to similar temperatures, and hence, if the mean temperature 
at which any determination were made differed from the temperature 
taken as standard by more than ‘5°, the slight error thereby intro- 
duced was calculated and allowed for. All the values thus altered are 
marked with an asterisk, When the temperature of observation 
differed by less than ‘5°, no alteration was made. | 

In all nine different animals were subjected to experiment. By 
far the largest number of observations were made on frogs, both Rana 
temporaria and Rana esculenta. The other amphibia examined con- | 
sisted of toads, newts and axolotls. Only one suitable reptile was 
obtained for examination, viz., the blindworm. Of the invertebrate 
members of the animal kingdom, only three species were worked with, 
viz. snails, cockroaches and earthworms. These species cover a very 
wide range however, in that they belong to the three different phyla, 
Mollusca, Arthropoda and Vermes. 
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OBSERVATIONS ON RANA TEMPORARIA. 


In the former paper are detailed the results of twelve experiments. 
On taking means of all the values for the carbonic acid discharge at 
each temperature, it was found that, on warming the frog, the meta- 
bolism increased slightly from 2° up to 6°, but that from this point 
it remained absolutely constant up to 17°5°. Above this temperature 
it increased rapidly with increase of temperature. On cooling, the 
metabolism diminished rapidly with the temperature down to 17°5°, 
but from this point it diminished much less rapidly down to 12°5°. 
Then on further cooling it diminished rapitlly again. The curves 
representing these mean values are given on the left side of Fig. 1. 
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Fig. 1 

Rana temporaria. Temperature in Degrees centigrade. Milligrams of - 
Carbonic Acid discharged. 


In the present series of observations, eight experiments were made 
on normal frogs, viz. Expts. 1 to 6,8 and 9. The curves representing 
the means of all the values at each temperature are given on the right 
side of Fig. 1. In these and subsequent figures the values obtained on 
warming the animal are represented by dots, and those obtained on 
cooling, by crosses. These mean curves evidently differ considerably 
from those just described. Thus on warming, the carbonic acid dis- 

remains constant only between the temperatures of 12°5° and 
15°, instead of from 6° to 17°5°, as in the previous experiments, On 
the other hand, on cooling, the metabolism remains nearly constant 


i 
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between 17°5° and 12°5°, just as it does in the previous set of experi- 
ments. Above 25°, the carbonic acid discharge both in the warming 
and cooling curves, suddenly begins to increase very rapidly, much more 
rapidly in fact than was previously found to be the case. Such great 
differences in the mean results are very difficult to account for. The 
only known differences of experimental conditions are, firstly, that the 
former experiments were mostly carried out in the month of March, 
whilst the present ones were made in most cases from October to 
December ; secondly, that in the former series of experiments the frog 
was sometimes cooled first and then warmed, whereas in the present 
series it was always, with the exception of Expts. 1 and 2, warmed 
up from 2° and then cooled ; and thirdly, that in the former series of 
experiments the frogs were warmed and cooled rather more slowly than 
in the present series; differences which seem quite insufficient to 
produce the effect observed. 

We will now examine the results obtained in the individual experi- 
ments. In the following table are given the temperature intervals 
over which the carbonic acid discharge remained practically constant, 
or else diminished with rise, or increased with fall, of temperature. 


No. No. 
of On On of On On 
Exp. warming cooling Exp. warming cooling 
1 | 12-5°—265° C. | 12°5°— 2°C. || 5 | 6°—15° and | 25°—20° and 17°5°—12°5° 
2; 6° —25° 6° — 2° 6 | 12-5°—25° 17°6°—12°5° 
8 | 12°5°—17°5° | 17-5°—10° 8 | 12°5°-17°5° and 20°-25° 
4 115° —20° 17°5°—10° 9 | 2°—6° and 12°5°—15° 


Here. it will be seen that in five out of the eight experiments 
the carbonic acid discharge, on warming the frogs, remains constant 
from a lower temperature which varies from 6° to 20°, up to 25°. The 
carbonic acid evolved then begins to increase very rapidly with further 
rise of temperature. In the former series of experiments, this rapid 
increase generally began at 17°5° to 20°. In the present series of 
experiments, the carbonic acid discharge in no case remains constant 
from 2° upwards, and only in two instances does it remain constant 
from 6°. Also it in no case reaches a minimum value at 17°5°, as 
happened in several of the former experiments. On the other hand 
in two or three cases there is found to be an interval of constant 
metabolism at a lower temperature, as 6° to 15°, a sudden increase, 
and then another interval of constant metabolism at 17°5° to 25°. 
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If we suppose therefore, that this regulation of the carbonic acid 
discharge, whereby it remains constant over certain intervals of tem- 
perature, is due to a control of the metabolism of the tissues by the 
central nervous system, we may conclude that in the present series of 
experiments this nervous control is exerted over a greater temperature 
interval, but not so powerfully as to keep the carbonic acid discharge 
quite constant on rise of temperature, as was the case in the former 
series of experiments. 

The results obtained on cooling the frogs do not differ very greatly 
from those obtained in the former experiments. Thus in four out of 
the six experiments the carbonic acid discharge remains constant from 
175° to 12°5° or 10°. In one experiment, No. 5, there is also an 
interval of constant metabolism from 25° to 20°. In Expts. 8 and 9 
the frogs were not subjected to the gradual cooling process, for reasons 
which will appear later on, 

In that many more experiments were made on R. temp. than on 
any other animal, it was thought convenient to calculate mean values 
for the carbonic acid discharge at each temperature, and to use these 
as standards with which to compare the values obtained with other 
animals, and also with frogs examined under various abnormal con- 
ditions. In the following table are given the mean values of the nine 
observations of the old series, and the eight of the present series, in 
which the frog was warmed, and also of the seven of the old series, and 
the six of the present series, in which it was cooled. The means of the 
two series of values obtained on warming and cooling respectively, 
are given in the lowest line of the table. These are taken as the 
standard values, with which all the experimentally obtained numbers 


are compared. 


On warming 68 | 80 | 88 | 96 95 | 108 | 121 | 189 | 162 | 260 | 585 
On cooling 56 | 61 | 78 | 97 | 107 | 117 | 167 | 191 | 230 | 807 | 511 
Mean standard values | 62 | 71 | 80 | 97 | 101 | 110 | 189 | 165 | 196 | 284) 548 


In the last column of the table at the end of the paper are given 
what are called the ‘mean metabolism coefficients.’ These values 
are obtained by dividing the number representing the carbonic acid 
discharge at each temperature by the ‘standard’ value at the same 
temperature, and then taking a mean of all the coefficients thus 
obtained. ‘These mean metabolism coefficients therefore accurately 
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represent the carbonic acid discharge of an animal which has been 
subjected to a gradual warming and cooling between 2° and 30°, 
compared with that of an average normal frog treated in the same 
manner. 

With regard to the individual metabolism coefficients of normal 
frogs, we see that those of the present series vary from ‘57 to 1°23, 
or as-1 to 2°16, the mean of all the coefficients of both series being of 
course unity. Of the experiments of the old series, the following are 
the mean coefficients, ‘80, 1°08, 1°22, ‘91, 1°14, 1°18, 1°34, ‘87 and 1°05, 
the extremes thus varying less than in the present series of experiments. 

On taking means of all the metabolism coefficients obtained on 
warming the frogs, and also of those obtained on cooling, it is found 
that on an average the carbonic acid discharge is slightly greater on 
cooling than on warming. Thus in the present series of experiments, 
the mean coefficient on warming is ‘93, and en cooling ‘98. In the old 
series it is 100 on warming, and 1°09 on cooling. It is also evident 
that in the old series of experiments the average carbonic acid discharge 
was some 10°/, greater than in the present series. 


OBSERVATIONS ON RANA ESCULENTA. 


Six observations (Expts. 48 to 53) were made on normal R. escul. 
The breaks in the curves showing the relation of carbonic acid dis- 
charge to temperature are if anything less marked than in those 
obtained with R. temp. In Fig. 2 are shown the mean curves obtained 
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on warming and cooling. Here it will be seen that on warming the 
metabolism increases regularly up to 15°, but that from this point up 
to 20° it remains nearly constant. It then increases regularly up to 
30°, it showing no trace of the sudden increase of carbonic acid. dis- 
charge above 25°, which was so conspicuous in the case of R. temp. 
The mean carbonic acid discharge obtained on cooling is somewhat 
irregular. Thus between 27°5° and 22°5° it is nearly constant. It then 
decreases regularly down to 17°5, but at this point there is another 
sudden break in the curve, and the carbonic acid discharge at 15° is 
greater than that at 17°5°. Below 12°5° the metabolism decreases regu- 
larly with the temperature. 

With respect to the individual experiments, the following are the 
temperature intervals over which the carbonic acid discharge remained 
more or less constant. 


Number of Experiment On warming On cooling 
48 15°—20° 25°— 
49 2°—10° 27°5°—22°5° and 12°5°—6° 
50 6°—10° and 20°—25° 27°5°—20° and 12°5°—6° 
51 10°—15° 20°—10° 
52 10°—22°5° 17°5°—12°5° 
53 15°—27°5° 25°—15° 


Here it will be seen that the temperature intervals of constant 
metabolism vary very greatly in the different experiments. Thus in 
the ‘warming’ halves of the experiments, no two of them are alike. 
In the ‘cooling’ halves, there is, in four out of the six experiments, an 
interval of constant carbonic acid discharge beginning at 27°5° or 25°, 
and continuing for 5° or 10°. 

It is of some interest to compare the values for the carbonic acid 
discharge of R. escul. with those obtained for R. temp. In almost 
every case the metabolism, as shown by the mean metabolism coeffi- 
cients, is somewhat smaller. Thus the mean of all the coefficients is 
‘74, the mean of the coefficients of the warming halves of the experi- 
ments being °68, and of the cooling halves, ‘80, This is nearly twice as 
great a difference as was observed with R. temp. It may be concluded 
from this that the latent period of reaction of carbonic acid discharge 
to variations of temperature is much greater in R. escul. than in 
R. temp., or that a cooled frog, on warming, only slowly begins to 
excrete more carbon dioxide, and a warmed one, on cooling, only slowly 
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begins to excrete less. If a mean be taken of all the coefficients at 
each particular temperature, we get the following numbers. 

Here we see that at 15° the carbonic acid discharge of R. escul. is 
practically the same as that of R. temp., but that at lower or higher 
temperatures it becomes considerably less, it being only a third the 
amount at 30° and two-fifths the amount at 2°. Between the limits of 
10° and 25° however it keeps fairly constant, when compared with the 
carbonic acid discharge of R. temp. It is somewhat remarkable that 
two animals, so closely allied morphologically, should show such great 
differences of carbonic acid discharge when exposed to extreme tempe- 
ratures. The slight metabolism at 2° and 6° may be due to R. escul. 
being a more perfect hibernating animal than R. temp. Certainly the 
former is much more torpid in the winter time than the latter. Again, 
the greatly diminished carbonic acid discharge at 27°5° and 30° may be 
due to the lesser vitality of the animal at these temperatures. Thus 
R. escul. are frequently killed by exposure to a temperature of 30° for 
any length of time, whilst R. temp. may be kept a whole si at this 
temperature and seem in no way harmed. 


OBSERVATIONS ON OTHER AMPHIBIA. 


In the mean curves of the three experiments with the toad, which are 
shown in Fig. 3, we see that on warming, the carbonic acid discharge 
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diminishes from 2° to 6°, and then increases rapidly up to 10°. From 
this point up to 17°5° it decreases slightly again, and then increases, 
but practically we may regard the carbonic acid discharge as remaining 
constant between 10° and 22°5°. Above 22°5° it increases exceedingly 
rapidly with the temperature. On cooling, the metabolism diminishes 
regularly down to 17°5°, where there is a break in the form of the 
curve. There is another break at 12°5°, and from this point down to 
2° the metabolism only diminishes slightly with the temperature. 

Of the individual experiments, two, Nos. 67 and 68, were made on the 
same animal. The values obtained in either case resemble each other 
very closely. Thus in both the temperature of minimum carbonic acid 
discharge on warming is at 6°, and not at 2°. The metabolism then 
increases rapidly to 10°, and from that point diminishes till it attains a 
second minimum value at 15°. On cooling, the temperature of minimum 
metabolism is in both cases at 12°5°, and on still further cooling it 
increases again considerably down to 2°. In Exp. 70, the temperature 
of minimum metabolism is at 2°, both on warming and cooling, but 
there is, on warming, an interval of almost constant carbonic acid 
discharge from 10° up to 25°. On cooling, this interval is only very 
slight, viz. from 20° or 17°5° down to 15°. 

As far as the few observations made can show, therefore, it would 
seem that the carbonic acid discharge of the toad, on changes of tem- 
perature, is regulated to a more marked extent than is the case with 
the frog. 

On the axolotl, Amblystoma tigrinum, there were also three 
experiments made. In these observations, and those on newts, about 
10 to 15c.c. of water were placed in the animal chamber, and the 
stream of air allowed to bubble through. With such a small volume of 
water, the carbonic acid expired into it by the animal is carried away 
almost immediately by the current of air, and hence no appreciable 
latent period between change of temperature and variation in carbonic 
acid discharge introduced. 

In the mean curves, shown in Fig. 4, we see that on warming the 
carbonic acid discharge diminishes slightly from 2° to 6°, and then 
increases more or less regularly, but only to a slight extent, up to 20°. 
Above this temperature it undergoes a very rapid increase, but this 
increase does not become greater and greater on still further raising 
the temperature, as was found to be the case with R. temp. and 
the toad. It remains about the same, so that the whole curve has 
somewhat the appearance of being made up of two straight lines, which 
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cut one another at the temperature of 20°, The curve obtained on 
cooling is very similar, though the break at 20° is not quite so marked. 
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As regards the individual experiments, the carbonic acid discharge 
in Exp. 72 increases regularly on warming, and diminishes regularly on 
cooling, without any breaks at all. In Exp.73 there is, on warming, an 
interval of constant metabolism from 10° to 20°, and on cooling, one 
from 25° to 17°5°. In Exp. 74, made on the same animal as in Exp. 73, 
the carbonic acid discharge remains practically constant from 2° up to 
17°5°, whilst on cooling it is nearly constant from 20° to 12°5°. 

On the common newt, Molge vulgaris, two experiments were made. 


In both cases, two individuals were used as they were so small, In 


these and other experiments in which more than one animal was worked 
with, the average weight, and not the total weight, is given in the table 
at the end of the paper. In the mean curves, shown in Fig. 5, we see 
that the carbonic acid discharge on warming remains constant from 2° 
to 6°, and then increases up to 10°. From this point up to 22°5°, after 
a slight diminution above 10°, it remains absolutely constant. Above 
22°5° it increases very rapidly with the temperature, Thus in the newt, 
the carbonic acid discharge remains at a constant level between such 
limits of temperature as occur in the water of ponds and ditches at all 
times of the year except the winter. The curve obtained on cooling 
does not show so marked an interval of constant metabolism, though 
between 25° and 17°5°, and again between 15° and 12°5°, it remains 
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fairly constant. It must be remembered however that these values for 
the carbonic acid discharge are obtained only after the newts have been 
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Fig. 5 
Common Newt. 


heated to 30°, a quite abnormal temperature, and hence, if this regula- 
tion of the metabolism is due to the direct influence of the nervous 
system, such an abnormal condition may have, for the time being, 
thrown this influence more or less into abeyance. 

Of the individual experiments, in Exp. 75, in which one male and 
one female newt were used, the carbonic acid discharge diminishes 
slightly between 10° and 22°5° on warming, whilst it is more or less 
constant from 20° to 12°5° on cooling. In Exp. 76, in which two female 
newts were used, it remains constant from 2° up to 22°5° on warming, 
and from 25° to 17°5° on cooling. 


OBSERVATIONS ON OTHER ANIMALS. 


Of the other animals examined, the blindworm, Anguis fragilis, is 
morphologically most closely allied to the amphibia. Only two experi- 
ments, Nos. 77 and 78, both on the same individual, were made, but in 
one of them the animal was warmed and cooled twice, and so altogether 
three sets of values were obtained. Owing to the very slight metabolism 
of the animal, it was necessary to continue each experiment over more 
than 30 hours, in order to obtain any degree of exactitude in the respira- 
tory quotient. Also at the lower temperatures, the carbonic acid discharge 
was generally measured only at 2° and 10°, and not at 6° and 12°5° as 
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well. In the mean curves, shown in Fig. 6, we see that on warming 


the carbonic acid discharge increases up to 10°, but that from this 
Li 
25° 
20° 
15° 
as 
10 


Fig. 6 
Blindworm. 


point up to 20° it increases only very slightly. Above 20° it increases 
rapidly with the temperature. The curve obtained on cooling is very 
similar to that obtained on warming, the carbonic acid discharge at 
each temperature being somewhat less than the correponding value 
obtained on cooling. It will be noticed that the curves obtained with 
the blindworm are very similar to those obtained with the axolotl, they 
appearing to be made up of two straight lines cutting oné another at 
20°. Of the individual experiments, there is in Exp. 77 an interval of 
constant metabolism on warming from 2° to 12°5°, and again from 10° 
to 17°5° in the second half of the experiment. On cooling, in the first 
half of the experiment, there is an interval of fairly constant carbonic acid 
discharge from 20° to 15°. In Exp. 78, the metabolism is more or less 
constant on warming from 6° to 20°, and on cooling from 15° to 10°. 
We now come to the discussion of the results obtained with in- 
vertebrate animals. Only two experiments, Nos. 79 and 80, were made 
on the common snail, Heliz pomatia, but as fifteen and sixteen indivi- 
duals were respectively used in each case, the values obtained are 
more reliable than those found when a single animal is subjected to 
examination. Thus they are less liable to be vitiated by chance move- 
ments of the animals, At the same time, it is probable that the chance — 
movement of one or two individuals may cause the withdrawal into their 
shells of several others in their neighbourhood, and a diminished 
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discharge of carbonic acid brought about for the time being. In no 
other way can the somewhat irregular values obtained be accounted 
for. In the mean curves, given in Fig. 7, we see that on warming the 
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Fig. 7 
Snail. 


carbonic acid discharge increases quite regularly with the tempera- 
ture up to 20°, It then undergoes a sudden diminution, and from 
22°5° up to 30° again increases very slightly. This is a very curious 
result, and one difficult to account for. Perhaps temperatures above 
20° are injurious to snails, and they then withdraw into their shells, 
and by nervous or other means succeed in preventing their carbonic 
acid discharge from any further increase. It is highly impro- 
bable that this result is due to mere chance, as it is present to 
about the same extent in each of the individual experiments made. 
On cooling from 30° to 27°5°, the metabolism apparently increases, but 
this is probably only due to a very long latent period, brought about by 
the heat and cold having to penetrate the shells of the snails before 
reaching their soft tissues. Below 27°5° the carbonic acid evolution 
diminishes regularly down to 17°5°, where there is a break in the curve. 
From 15° down to 2° it again diminishes regularly. The cooling curve 
therefore shows no trace of the curious constancy of carbonic acid 
discharge between 20° and 30°, which was so noticeable in the warming 
curve. The break in the curve at 17°5° may be due to some accident, 
as it is only present in one of the individual experiments (No. 80), the 
curve in Exp. 79 being quite regular. 
It should be noticed that in Exp. 80 the carbonic acid discharge 
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remains.constant from 17°5°C., or 63°5° F., upwards. Now it is obvious 
that snails must frequently, under natural conditions, be subjected to 
a much higher temperature than this. Hence, though the carbonic 
acid discharge of snails varies regularly with the temperature from 
2° to 17°5° or 20°, it cannot be said that it does so between such limits 
of temperature as they are ordinarily exposed to. 

In Exp. 81 are given the values obtained with the common 
cockroach. In this observation twenty-one individuals were used, but 
several of them were moribund at the beginning of the experiment, 
and quite dead at the end of it. Probably they were killed by the 
cold temperature to which they were exposed, as a temperature of 
30° is nothing abnormal to them. It was on account of this un- 
favourable effect of cold that the animal chamber was, after warming 
to 30°, cooled gradually to 2°, and then gradually warmed again 
instead of vice-versd. As may be seen in Fig. 8, the carbonic acid 
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Fig. 8 
Cockroach. 


discharge diminishes quite regularly with the temperature right. down 
to 2°. On warming, it increases again regularly, except that the 
values at 22°5° and 25° are a little larger than one would expect. 
This may be due to movements on the part of the animals, as it was 
noticed that if one or two began to move, they caused all the others 
in their vicinity to become active. The fact that all the values for 
the carbonic acid discharge on warming are less than the ones at the 
corresponding temperatures obtained on cooling, is doubtless due to 
the above-mentioned fact of the adverse effect of cold. It follows. 
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therefore that, alone amongst the animals examined, the cockroach 
has a carbonic acid discharge which increases and decreases quite — 
regularly with increase and decrease of temperature. 

Mention should here be made of the observations of O. Biitschli 
on the effect of temperature upon the carbonic acid discharge of the — 
cockroach", Determinations were made at 4°, 15°, 23°, 26° and 32°, 
the metabolism being found to increase regularly with the temperature 
and the values themselves being more or less similar in amount to 
those obtained in the present experiment. 

The only other animal examined was the earthworm, Lumbricus 
terrestris. Two experiments were made, in each of which ten indi- 
viduals were subjected to examination. In Fig. 9 are given the mean 
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Fig. 9 
Earthworm. 


curves obtained. Here it will be seen that on warming the carbonic 
acid discharge increases slightly from 2° to 10°, but that from this 
temperature up to 17°5° it remains quite constant, it being in fact 
practically constant right up to 22°5°. From this point it imereases 
rapidly with the temperature, the higher the temperature the greater 
being the increase. The curve obtained on cooling is of a very similar 
nature, except that the break occurs at 20°, and not at 225°. The 
deficient value for the carbonic acid discharge at 27°6° is probably 
only accidental. With regard to the individual experiments, the meta- 
bolism in Exp. 82 remains practically constant from 10° to 25° on 
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warming, and from 15° to 10° on cooling. In Exp. 83 it is constant 
from 10° to 22°5° on warming, and from 22°5° to 10° on cooling. 

That an animal so low down in the animal kingdom as the earth- 
worm should have so powerful a control over its carbonic acid discharge 
that it can keep it constant from 10° to 22°5°,a range of 12°5 degrees, 
is very remarkable. It is exceedingly improbable that this is a purely 
tissue phenomenon. It can scarcely be imagined that for some mys- 
terious reason the protoplasmic basis of the tissues is so constituted 
chemically as to be unaffected by so considerable a change of tem- 
perature. The conclusion seems inevitable that in the worm, as 
probably in the more highly organised Amphibia, the metabolism of 
the tissues is subject to a nervous control, so powerful and efficient 
as to keep down, or keep up,—which, we know not,—a discharge of 
carbonic acid that under natural conditions would probably vary by 
more than 100°/, at the limiting temperatures, Thus the author has 
shown in a former paper’ that in certain coelenterata the respiratory 
exchange at 24° is nearly five times as great as that at 10°, whilst 
in fishes it is more than twice as great. 

Of the nine animals examined, we have seen that in one only, 
the cockroach, does the carbonic acid discharge vary regularly with 
the temperature, whilst with the snail this is the case at temperatures 
below 20°. Of the other animals, the presence of a range of tem- 
perature over which the carbonic acid discharge is more or less constant 
is especially well marked in the worm and the newt. In the toad 
it is also well marked, and this is somewhat less the case with the 
blindworm. It is still less so with the axolotl, and least of all 
with R. escul. R. temp. occupfes a somewhat doubtful position, as 
in the series of experiments originally made it is very well marked 
indeed, the carbonic acid discharge being absolutely constant between 
6° and 17°5°. In the present series however it is not nearly so evident, 
it being less obvious than in any animal but R, escul., the cockroach 
and snail of course excepted. 

The old view that in cold-blooded animals the metabolism increases 
regularly with the temperature must therefore be discarded. When 
so lowly an animal as the earthworm has the power of perfectly con- 
trolling its carbonic acid discharge, it is obvious that in many other 
members of the animal kingdom, thus far unexamined, a similar 
condition of things may be present. The teleological explanation of 


1 This Journal, x1x. p. 18. 1895. 
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such an arrangement is obvious. If the metabolism depended abso- 
lutely on the temperature, the animal would lose much of its control 
over its own powers. It would of necessity be always lively in hot 
weather, and torpid in cold. All its movements would be regulated 
by the temperature of its surroundings, and not by its own wants 
or desires. In cold weather it could not move fast enough to escape 
its enemies, should they be warm-blooded ones, and in hot weather 
it would probably not be able to obtain sufficient food to replace the 
increased tissue loss. 

In the table given below are given the mean values for the carbonic 
acid discharge of all the animals, at each temperature ; 1.¢., those which 
have already been given above in the form of curves. The mean values 
obtained on warming are in each case given first, and then those on 


cooling. 


Animal rca w | 125° | | | | | are 
(old 89; 97 98 | 113 | 1388 | 169 | 256 | 408 
) 59 | 67 78 | 101 | 116 | 128 | 159 | 199 | 238 | 271 | 301 
R. temporaria (new }| 44 | 57 | 77 93 | 107 | 180 | 189 | 154 | 261 | 651 
series) 52 55 67 91 96 | 110 | 155 | 188 | 220 | 326 | 616 
R. esculenta 25; 41/ 61] 74) 96) 97 | 121 | 185 | 154 | 186 
9 25 59 74 107 95 | 122 | 146 | 168 | 150 | 186 
Bufo vulgaris 89 72 | 178 | 172 | 162 | 149 | 196 | 192 | 271 | 477 | 719 
tigvinum | 90 | 118 | 113 | 149 | | | | 
90 86 | 118 ll | 1238 | 142 7 
a i 54) 84 98 | 182 | 185 | 151 | 158 | 201 | 236 | 252 | 313 
Molge vulgaris 143 | 136 | 217 | 182 | 179 | 184 | 182 | 182 | 285 | 448 | 462 
21 28 | 638) 81 7 7 
12; 29} 26) 46) 57! 96 | 182 | 151 | 186 
Helix pomatia 44 57) 84)! 117} 185 | 159 | 178 | 146 | 155 | 164 | 188 
30| 66| 81| 97| 99 | 156 | 205 | 223 | 243 188 
Lumbricus terrestris 23 | 24| 48; 46; 48; 186 | 228 
17| 22} 42] 42] 45| 55| 55 | 76/111 | 107 | 228 


Tue METABOLISM COEFFICIENTS. 


It remains for us to compare the values obtained for the carbonic 
acid discharge of these various animals with that of normal frogs ; 
that is, to discuss their ‘metabolism coefficients.’ In the table are 
given the individual mean metabolism coefficients, and also. the averages 
of all the values obtained with each animal. 

The coefficients of R. temporaria and R. esculenta, which are also 
included in this table, have already been discussed. The two values 
for R. temp. in brackets represent the coefficients of only the warming 
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halves of the respective experiments. Of all the animals, the cockroach 
has by far the greatest metabolism coefficient. The average value, 


1-05, “98, 128, 1-05, (-68), (110)| 95 | 93 | 98 

Amblystoma tigrinum | 1°14, -97, 1°32 114 116 | 1°18 
Mo 1-60, 1°57 1°59 | 1°69 | 1°49 
Anguis fragilis “51, 52 
Helix pomatia "85, “91 “88 ‘91 "85 
Periplaneta orientalis | 3°03 803 | 2°26 | 381 
Lumbricus terrestris “45, °45 “45 42 48 


obtained on cooling and warming, was 3:03, but as in the latter half 
of the experiment several of the specimens were dead, it would seem 
that the real metabolism of the cockroach is nearly four times as 
great as that of R. temp. The common newt comes next, with an 
average value of 1'59. Next comes the common toad, with a value 
of 1:32. It will be seen that in this case the individual values vary 
considerably, viz. from “79 to 190. The metabolism coefficient of the 
axolotl is 1°14, or only slightly greater than that of R. temp. The 
mean value of the coefficient for the snail, viz. ‘88, is rather large 
considering the torpid nature of the animal. Also a determination 
showed that the shells of several of the snails used in the experiments 
amounted to, on an average, 23°/, of their body weight. If therefore 
this weight of shell be allowed for, the metabolism coefficient of the 
soft tissues alone rises to 1°14, ¢.¢., the same value as for the axolotl. 
Lastly come the blindworm and the earthworm, both of which have | 
metabolism. coefficients only about half as great as that of the frog. 
The extreme mean coefficients vary between °45 for the earthworm, 
and 3°03 for the cockroach, or as 1 to 6°7. 

In the last two columns of the table are given the means of all 
the metabolism coefficients of the warming halves and the cooling 
halves of the experiments. In the case of the frog we saw that the 
coefficients obtained in the second half of the experiments, on cooling, 
were appreciably larger than those obtained in the first half, on 
warming. With the other animals experimented on this is not the 
case, except to a small extent with the earthworm. With the newt 
and snail the warming and cooling values are about the same, whilst 
with the other three animals, the toad, newt and blindworm, they are 
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some 11 to 16°, less. Perhaps these differences may be accidental, 
as only a small number of experiments were made in each case. 

It is somewhat instructive to compare the mean coefficients of 
the different animals when calculated at each temperature, as has 
already been done in the case of R. escul. In the table are given 
the mean coefficients of all the values obtained both on warming and 


1-16 | 1-20 | 1-82 | 1-25 | 1-28 | 1°36 | 1-03 | 1-23| -57| 1-14 
Molge 1°74 | 1-76 | 2-5 | 1-75 | 1-70 | 1-98 | 1°88 | 1-85 | 1°88} 1-36) -85| 1°59 
Anguis fragilis 80) ‘66 89; “23 62 
Helix pomatia| -69| -74| -72| 
Poriplansta 1-43 | 2-12 | 2-45 | 2°25 | 2-99 | 8°57 | 8°84 | 4-21 | 2-82 3-08 
g2| -s2| -b3| -46| -45| -40| -89| -48| -69| -42| 


In the case of the toad, the values remain more or less constant 
throughout, though they are rather variable. At 2° and 6° they are 
rather less than the average, and at 25° and 27°5° rather more. That 
is to say, the carbonic acid discharge of the toad is affected by tem- 
perature to about the same degree as that of R. temp., though it 
shows a tendency to be smaller at low temperatures and greater at 
high ones. The values for the axolotl remain fairly constant from 
2° up to 25°, but at 27°5° and 30° they undergo a very great decrease, 
that at 30° being just half the mean of all the values. In the case 
of the newt also the values are fairly constant from 2° to 175°. They 
then drop considerably, and the value at 30° is also only about half 
the mean. These animals are therefore, at moderate temperatures, 
affected by temperature to the same extent as R. temp., but at high 
ones their metabolism is comparatively much diminished. In the case 
of the blindworm, the values increase fairly regularly from 2° up to 
25°, but above this temperature undergo a sudden and considerable 
drop. That is to say, at temperatures up to 25°, the carbonic acid 
discharge of the blindworm is very much more affected by temperature 
than is that of the frog. A somewhat similar state of things is to 
be observed with the snail also. The values increase with striking 
regularity from 2° up to 17°5°, and then as regularly decrease. Com- 
paratively speaking, therefore, 175° is the temperature of maximum 


cooling. 
M 
Bufo vulg 1°23 | 1°61 | 1°30 | 1°36 | 1°30 | 1°25 | 1°22 1°49} 1°46) 1°31) 1°32 
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metabolism of the snail. At temperatures either below or above this 
point it gradually becomes less and less. The cockroach is very 
similar in its behaviour to the blindworm. The values increase regu- 
larly up to 25°, but from this point fall off again considerably. So 
great is the increase that the value at 25° is 3°3 times greater than 
that at 2°. The earthworm appears also to be affected in somewhat 
the same way, as its minimum value is at 2°, and its maximum one 
at 275°. The values are not very regular however. 

Of all the animals examined therefore, we see that in one only, 
the toad, is the metabolism affected by temperature to about the same 
extent as that of R. temp. In all the other animals, the carbonie acid 
discharge at first increases more rapidly with the temperature, or 
remains constant, and then falls off again. The temperature of maximum 
metabolism, comparatively speaking, varies from 15° in R. escul. to 
25° in the blindworm and cockroach, and 27°5° in the earthworm. In 
the three other animals the point of change in the comparative meta- 
bolism is at 17°5°. We must conclude, therefore, that there is no 
constant relation between temperature and metabolism in the various 
members of the animal kingdom, but that the degree of tissue change 
is peculiar to each animal. 


THe Errects or LESIONS OF THE CENTRAL NERVOUS SYSTEM 
ON THE METABOLISM. 


It has already been suggested that the regulation or control of 
the carbonic acid discharge in frogs and other animals is in all proba- 
bility due to nervous influence. If this is the case, one would expect 
that injury to, or ablation of, certain parts of the central nervous 
system would to a certain extent influence, if not abolish entirely, 
the irregularities in the curves of carbonic acid discharge, and that 
if one could determine the metabolism of the tissues alone, uninfluenced 
by any nervous or other agency, the carbonic acid discharge would 
be found to increase regularly with the temperature. In the former 
paper already mentioned, reference is made to eight experiments on 
frogs in which the medulla had been injured or destroyed by means 
of pithing. In these frogs the carbonic acid evolution was found to 
increase and decrease quite regularly with the temperature, on warming 
and cooling respectively. As frogs treated in this manner are generally 
not in very good condition, and as one is never sure as to how much 
or how little injury is brought about by such treatment as pithing, 
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it was thought best to make a series of experiments in which transverse 
lesions of the central nervous system at various points had been made, 
and in which therefore the injury to the nervous tissues was as slight 
as possible. 

In Exps. 19 to 25 are given the results obtained with R. temp. 
in which a transverse section had been made at the lower border of 
the medulla, just above the point of the calamus scriptorius, or in 
other words, at the point of origin of the pneumogastric nerve. After 
making such a section as this, very little blood is lost, and the 
animals remain in good condition. They are very inert however, 
and make little or no attempt to right themselves when placed on 
their back. They were always kept two or more days before being 
subjected to experiment. In every case, after the experiment, the 
tissues of the frog were hardened in alcohol, and carefully examined, 
so as to determine the completeness of the section. In the fourth 
column of the table at the end of the paper are given details as to 
this point. It will be seen that in only three instances was the trans- 
verse section absolutely complete. In two others only about sth 
and j;th respectively remained undivided, and in the remaining two 
}th and $rd. The explanation of these imperfect lesions lies in the 
fact that if one cuts too widely and deeply, so as to ensure a complete 
section, the bleeding is very much greater, and the subsequent con- 
dition of the frog much worse. 

In the second pair of curves in Fig. 10 are given the mean values 
representing the carbonic acid discharge on warming and cooling. 
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Fig. 10 
Rana temporaria. Transverse section at lower border of medulla. 
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Here it will be seen that the metabolism increases fairly regularly 
with the temperature, though there is a very slight break in the 
curve at 15° and 17°5°. This is probably accidental, however, as the 
value obtained at 17°5° on cooling varies slightly in the opposite 
direction. The mean of the warming and cooling curves would there- 
fore show no irregularity at all at this point. The first pair of curves 
in Fig. 10 represent the values obtained in the old series of experiments 
with pithed frogs. It will be seen that they increase and decrease 
perfectly regularly with the temperature, but that they are in almost 
every case smaller than the values at the corresponding temperatures 
in the present series of experiments. This is in all probability on 
account of the bad condition of the frogs. With regard to the in- 
dividual experiments of the present series, in Exp. 19 there are three 
irregular values, at 12°5°, 20° and 25°, respectively, on warming, but 
those on cooling are quite regular. In Exp. 20 the warming values 
are regular, but on cooling, the carbonic acid discharge remains more 
or less constant from 15° to 10°. In Exp. 21, the values are rather 
irregular, especially on warming, but there is no definite and well- 
defined break in the curve, such as is present with intact frogs. In 
Exp. 22 also the carbonic acid discharge remains almost constant 
between 15° and 22°5°, both on warming and cooling, but there is 
no marked increase of carbonic acid discharge above 22°5°, as in normal 
frogs. In Exp. 23 again, the metabolism increases regularly on warming, 
but on cooling it remains more or less constant from 17°5° to 10°. 
In Exp. 24 there is an irregular value at 20° on warming, and on 
cooling, the carbonic acid discharge remains nearly constant from 15° 
to 10°. Lastly, in Exp. 25, there are two slightly exceptional values, 
those at 12°5° and 17°5°, on warming, but the metabolism diminishes 
quite regularly on cooling. On the whole, therefore, it must be 
admitted that the individual experiments do not show nearly so 
regular an increase and decrease of carbonic acid discharge with tem- 
perature as do the mean curves. There seems to be in several cases 
a distinct temperature interval of constant metabolism, as with normal 
frogs. This is not due to the incompleteness of the transverse sections 
of the medulla, as it is most marked in Exp. 22, where this was 
complete. We are probably justified in concluding therefore that the 
chief nervous centre which controls the carbonic acid discharge of 
the tissues is situated above the level of the lower border of the 
medulla, but that the spinal cord itself may have some influence as 
well. 
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In Exp. 26, in which the transverse section was only three-fourths 
complete, the carbonic acid discharge increases fairly regularly up 
to 223°, and diminishes regularly from 20° on cooling, but above 
these temperatures the metabolism remains nearly constant. Also 
most of the values are for some unknown reason abnormally large. 
This experiment was therefore not included with the others when 
calculating the mean values. In Exp. 27, in which only a hemisection, 
on the right side, was made, the nervous control of the carbonic acid 
discharge is very marked. Thus it remains practically constant from 
2° to 17°5° on warming, and from 15° to 10° on cooling. 

As the results obtained with R. temp. were not very definite and 
satisfactory, it was resolved to make similar observations on R. escul. 
and also upon the toad. In the first pair of curves in Fig. 11 are 
shown the mean values of five experiments (Nos. 54 to 58), with 
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Fig. 11 
Rana esculenta and Toad. Transverse section at lower border of medulla. 


R. escul. in which a transverse section had been made at the lower 
border of the medulla. In three out of these five experiments the 
section was complete, and in the other two only about J,th and 4th 
respectively of the tissues remained undivided. In these curves one 
can see that the mean carbonic acid discharge increases with almost 
perfect regularity on warming, and diminishes nearly as regularly on 
cooling. That the values obtained on cooling do not coincide with 
those obtained on warming, is probably merely owing to the ‘latent 
period’ of the reaction between change of temperature and the corre- 
sponding change of carbonic acid discharge. 
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With regard to the individual experiments, in Exp. 54, the carbonic 
acid discharge increases fairly regularly on warming, but on cooling 
the metabolism remains more or less constant from 20° to 15°. In 
Exp. 55, there is a slightly abnormal value at 12°5° on warming, whilst 
on cooling the metabolism remains more or less constant from 27°5° 
to 20°. In Exp. 56, except for a slightly abnormal value at 22'5° © 
on cooling, the metabolism increases and decreases quite regularly 
with the temperature. In Exp. 57, with one or two very slight ex- 
ceptions, the values also increase and decrease regularly. Lastly in 
Exp. 58, with one slight exception, the orderly dependence of the 
metabolism on the temperature is very evident. 

On the whole, therefore, the observations on R. escul. are ash 
more satisfactory than those on R. temp. Intervals of temperature 
over which the carbonic acid discharge remains constant are very few 
in number, and may in fact be accidental, Also the regular increase 
and decrease of the mean values is very striking. We may probably 
conclude that in R. escul. at least, the nervous control of the tissue 
metabolism proceeds almost entirely from a centre situated above 
the lower border of the medulla, and that after section at this spot, 
the carbonic acid discharge observed is a pure tissue phenomenon. 

On the toad only two experiments were made. In both instances 
the transverse section at the level of the lower border of the medulla 
was complete. The second pair of curves in Fig. 11 represent the 
mean values of these observations. Here it will be seen that, except 
for slightly abnormal values at 15° and 22°5°, the carbonic acid dis- 
charge increases regularly with the temperature, and that on cooling 
it diminishes regularly, except that the value at 6° is less than that 
at 2°. As to the individual experiments, there is in Exp. 69 an 
abnormally low value at 15° on warming, and another at 6° on cooling. 
Otherwise the values are fairly regular. In Exp. 71, with slight 
exceptions in the values at 125° and 27°5° on warming, and in that 
at 25° on cooling, the increase and decrease of metabolism is regular. 
As far as these two observations can show, therefore, it may be con- 
cluded that what was found to hold for R. escul., and partially for 
R. temp., is true also for the toad. 

In connection with these experiments on frogs and toads, reference 
may be made to those of Dubois' on hibernating marmots, Thus it 
is known that a hibernating animal warms itself in a few hours by 


2 Comp. Rend. Soc. Biol. xuv. p. 156. - 
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automatic stimulation on awaking. Dubois found that section of the 
cord at the level of the 8th to 9th dorsal vertebra scarcely influenced 
this at all, One at the level of the 7th cervical prolonged and di- 
minished it considerably, whilst one at the 4th cervical prevented the 
onset of the rise of temperature completely. Also, when this operation 
was performed on a normal awakened animal, the temperature fell 
17° in seven hours, and did not subsequently show any rise, though 
the animal lived eight days. It would seem therefore that the heat- 
controlling centres in the marmot are situated almost entirely above 
the level of the 4th cervical vertebra. 

As would be expected, the carbonic acid discharge of frogs and toads 
in which the central nervous system has been injured, is considerably 
less than that of the intact animals, Thus from the mean values of 
the metabolism coefficients, which are given in the table, we see that 
the carbonic acid discharge is diminished some 35 °/, in R. temp. or 40 °/, 
in those frogs in which the medulla has been destroyed by pithing. 


Mean Coefficient Coefficient 
Animal Condition metabolism on on 
coefficient warming cooling 
R. temporaria bulb destroyed 60 67 “62 
t. s. at lower level of bulb 65 61 69 
Bufo vulgaris “54 50 ‘57 


In R. escul, it is 25°/, less than that of the intact animals and 
45°/, less than that of the normal R. temp. In the toad it is 59°, 
less than that of the intact animals and 46°/, less than that of R. 
temp. From the last two columns of the table one may see that 
the carbonic acid discharge on cooling is in every case greater than 
that on warming, it being as much as 22°/, larger in the case of 
R. escul. 

It is scarcely necessary to give the mean coefficients calculated for 
each temperature. Suffice it to say that in the case of R. temp., in 
those individuals with the medulla destroyed, the coefficients increase - 
fairly regularly from a value of °43 at 2°, to one of *70 at 25°. In 
those with a transverse section below the level of the bulb, the 
comparative carbonic acid discharge is more or less constant between 
15° and 25°, but falls off at temperatures below or above these limits, 
especially at 2°, 6° and 30°. With R. escul. the coefficients increase 
gradually from ‘31 at 2° till they reach a maximum of ‘74 at 17°5°; 
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they then fall to asecond minimum of ‘32.at 30°. A similar variation is 
present with Bufo vulgaris, though not to nearly so marked an extent. 


Tue EFFrects OF OTHER LESIONS OF THE CENTRAL 
Nervous SYsTem. 


As it may be concluded with a considerable degree of probability 
that the chief, if not the only, nervous centres controlling the carbonic 
acid discharge of the tissues are situated above the level of the lower 
border of the medulla, it was thought to be of interest to try and also 
localise the upper limit of range of these centres. In Exps. 11 to 18 
are given the results obtained with R. temp. in which a transverse 
section had been made at the level of the upper border of the medulla, 
or in some cases, just above the level of the cerebellar ridge. In 
practice it was not found easy to make these transverse sections com- 
plete, and at the same time to avoid the loss of much blood through 
injury to large blood vessels. Thus in only three out of the eight 
experiments was the section quite complete. In three others only 
Poth to 4th of the tissues remained undivided, and in the other two 
respectively and one-half. 

The mean values of all these experiments are as follow: 


rc. wv 12s is us 2 26 
Warming 2% 387 #55 82 9 1200 162 18 238 4809 #3888 
Cooling 27 82 6F 106 19 211 807 4=809 #4888 


Here it will be seen that the average carbonic acid discharge 
increases with striking regularity on warming. On cooling, there is 
a break at 25°, though this is probably only accidental. Otherwise the 
values decrease quite regularly. These values for the carbonic acid 
discharge, though varying with the temperature like those obtained 
with frogs with a transverse section at the lower border of the bulb, 
differ from them considerably in that the carbonic acid discharge 
increases so much more rapidly with increase of temperature. Indeed 
from 12°5° up to 27°5°, the values are greater than those obtained with 
normal intact frogs. 

The individual experiments by no means bear out the conclusions — 
which might be derived from the study of these mean values. Thus in 
the majority of them there is a definite range of temperature over which 
the carbonic acid discharge remains constant. In Exp. 11-it is more 
or less so from 10° to 17°5° on warming, and from 15° to 10° on cooling. 
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Again, in Exps. 12 and 13 there are intervals of constant metabolism 
from 15° to 20° on warming, and from 15° to 10° on cooling. In Exp. 15 
there is an interval from 17°5° to 25° on warming, and one from 22°5° to 
17°5° on cooling. Again, in Exp. 17 the carbonic acid discharge in- 
creases only slightly from 2° to 12°5° on warming, whilst on cooling it is 
constant for only a very short interval, viz., from 12°5° to 10°. Still again, 
in Exp. 18 it is constant from 2° to 10° on warming, and from 10° to 
6° on cooling. In the majority of these experiments, therefore, there 
are intervals of constant metabolism quite as definite as those present 
in intact frogs, and if mean values are calculated, the curves show well- 
marked breaks. In the two remaining experiments, however, the 
condition of things is absolutely the reverse. Thus in Exp. 14 the 
carbonic acid discharge increases especially rapidly on warming from 
12°5° to 17°5°, «.e., when it is generally more or less constant, whilst on 
cooling it remains perfectly constant from 27°5° to 17°5°, 1.¢., when it is 
generally diminishing rapidly. Exp. 16 again shows a very similar 
condition of things. The carbonic acid discharge increases very ra- 
pidly from 2° to 20° on warming, and remains quite constant from 
27°5° to 20° on cooling. These two experiments therefore, though they 
both show a well-marked interval of constant metabolism on cooling, 
are able to neutralise entirely the breaks in the mean values of the 
other six experiments. 

It may therefore be concluded that lesions of the central nervous 
system at the upper level of the medulla do not abolish the nervous 
control of the carbonic acid discharge of the tissues. At the same 
time it seems probable that they to some extent disarrange it. Thus 
nothing similar to that observed in Exps. 14 and 16 was ever noticed 
in intact frogs. It seems as if removal of the higher centres to some 
_ extent abolished the nervous control of the metabolism, whereby an ex- 
cessive discharge of carbonic acid at high temperatures is brought about. 
Thus in four out of the eight experiments, viz, Nos. 11, 12, 14 and 16, 
the metabolism increases and decreases with the temperature very much 
more rapidly than is the case with normal frogs. This is evidenced by 
their mean metabolism coefficients, which are 1°31, 96, 1°32 and 1°28, or 
on an average, 1°22. Also it would seem that, as a rule, the increased 
discharge of carbonic acid which occurs at high temperatures does not 
regain a normal value on cooling nearly so quickly as in intact frogs. 
Thus the mean of the metabolism coefficients of all the ‘cooling’ halves 
of the eight experiments is 1°05, or 19 °/, greater than that of the ‘ warm- 
ing’ halves, which is only ‘88. 
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The mean metabolism coefficients at each temperature are as 
follow. 


“77 “86 101 1°27 1°30 136 1-09 “71 


Here we see that at 12°5° and under, the mean carbonic acid dis- 
charge is considerably smaller than that of intact frogs, whilst from 15° 
onwards it becomes increasingly larger, till at 25° it is 38 °/, larger. It 
then falls off again, especially at 30°. This may be due to the frogs, in 
consequence of the operation, not having vitality enough to exhibit the 
excessive metabolism of normal intact frogs. _ 

As to the effect of the completeness of the lesion of the central 
nervous system on the carbonic acid discharge, it would seem that the 
metabolism is somewhat decreased when it is complete. Thus in Exps. 
15, 17 and 18, where this was the case, the metabolism coefficients are 
respectively ‘59, ‘76 and ‘76. The nervous control of the metabolism is 
however quite as marked in these frogs as in those where the lesion was 
incomplete. Again, in Exps. 14 and 16, where the lesion was above, 
instead of below, the level of the cerebellum, the mean metabolism 
coefficients are respectively 1°32 and 1°28, or much greater than the 
normal. In Exp. 18 on the other hand, where it was above the level 
of the optic lobes, it is only ‘76, or subnormal. Now it is generally 
held that in the frog the optic lobes have an inhibitory function, whilst 
the cerebellum, if injured, as was probably the case in the present 
experiments, has an irritating one. But whether this apparent relation 
between the site of the lesion and the carbonic acid discharge is any- 
thing more than accidental, can only be determined by further experi- 
ment. 

If the nervous centres of control of the carbonic acid discharge in 
the frog are situated exclusively in the medulla, one would imagine 
that a transverse section of the spinal cord in the dorsal region, whereby 
nervous impulses would be prevented from passing down the cord to 
the hind limbs, would result in the curves of carbonic acid discharge 
being intermediate in form between those obtained with intact frogs, 
aud those with a transverse section at the lower border of the bulb. In 
Exps. 28, 29 and 30 frogs with such a transverse lesion of the cord 
were used. This section was situated just below the level of the 3rd 
dorsal nerve in Exp. 29, just below that of the 4th in Exp. 28, and 
between the two in Exp. 30. It was in all cases complete. The results 
obtained were scarcely according to expectation. Thus in Exp. 28 the 
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carbonic acid discharge diminishes on warming from 6° to 12°5°, and 
is nearly constant also from 15° to 20°. Again it diminishes only 
slightly between 17°5° and 12°5° on cooling. In Exp. 29 the meta- 
bolism is more or less constant between 2° and 12°5° on warming, and 
again from 15° to 20°, but diminishes regularly on cooling. In Exp. 30 
on the other hand the nervous control of the metabolism is very ob- 
vious, Thus the carbonic acid discharge remains constant or diminishes 
between 6° and 22°5° on warming, and again from 20° to 12°5° on cooling. 
The mean values of the three experiments are as follow. 


rn 
Warming 50 7% 64 8 77 188 «#46164 (440 
Cooling 2 


From these figures one can gather that the intervals of constant 
carbonic acid discharge are even more pronounced than in intact frogs. 
Thus on warming, the carbonic acid discharge is almost constant from 
6° to 20°, and on cooling, from 15° to 12°5°. So far as these few experi- 
ments can show, therefore, it seems either that the nerves controlling 
the metabolism of the lower limbs take origin above the level of the 
3rd or 4th dorsal nerve, or that there are subsidiary centres of nervous 
control in the cord below this level. 

The mean metabolism coefficients of these three experiments are 
‘76, 68 and 1°08, or on an average, ‘84. But in that the frogs had no 
power of movement over their hind limbs, one would naturally expect 
the carbonic acid discharge to be somewhat diminished. 


THE Errecr OF CURARE ON THE CARBONIC AciID DISCHARGE. 


In that the abolition of the nervous control of the tissues by lesions 
of the central nervous system is followed by a regular increase and 
decrease of carbonic acid discharge with temperature, it might be 
thought that a similar condition of affairs would be observed in frogs 
paralysed by curare. In the former paper already mentioned the 
results of four experiments on curarised frogs were given. In these 
cases it was found, as had been expected, that the carbonic acid dis- 

increased and decreased regularly with the temperature. It 
was resolved however to repeat the experiments, more especially with 
smaller doses of the poison than had been employed heretofore. 

In Exps. 31 to 38 are given the results obtained with R. temp. 
poisoned by doses of curare varying from ‘015 c.c. of 1 °/, solution, up 
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to ‘24¢.c. This curare was injected into the dorsal lymph sac of the 
frog an hour or more before the beginning of the experiment. At the 
end of this time the frog was completely paralysed, except in the case 
of the smallest doses. The time at which it recovered from the effects 
of the poison was always noted. In Fig. 12 are given four typical 
curves obtained with frogs poisoned by respectively 03, 09, “12 and 
‘24 c.c. of curare. These particular curves are chosen in that they best 
illustrate the fact that the nervous control of the carbonic acid 
discharge in frogs only disappears under excessive doses 
of curare. Doses sufficient to completely paralyse voluntary 
and reflex muscular power produce little or no diminution of 
the nervous control of the respiratory exchange. 
In the subjoined table some details of the experiments are given. 


Time of Nervous control 
Experiment Curare injected 

partial recovery! | complete recovery | on warming on cooling 
81 “015 o.0. end of next day marked marked 
82 c.c. next 2 days after marked 
33 045 8 days 
84 066 6.0. 4 days after 5 days absent marked 
85 “09 5 days marked marked 
36 12 c.c. 8 days 4 days slight slight 
87 18 6.0. 7 days 9 days slight absent 
88 “24 0.0. 4 days 6 days absent 


the muscles on pinching, but the absence of voluntary movements. 


From this table it may be seen that the nervous control of the 
carbonic acid discharge is entirely in abeyance, both on warming and 
cooling, in Exp. 38 only, in which the maximum dose of curare had 
been injected. In Exp. 36 and 37, with “12 and 18 c.c. respectively, 
there are only slight breaks in the curves of carbonic acid discharge, 
whilst in most of the other experiments the breaks are almost if not 
quite as obvious as in intact frogs. From the two middle columns of 
the table it may be seen that the frogs were, in every experiment but 
No. 31, completely paralysed at the end of the experiment, and that 
they did not completely recover for 2 to 9 days. In Exp. 31 the frog 
made no voluntary movements, but exhibited muscular twitchings on 


In Fig. 12 one may see that in the first pair of curves, obtained with 
a frog paralysed by ‘03 c.c. of curare, the carbonic acid discharge remains 


1 By partial recovery is meant the appearance of reflex twitchings and movements of 

pinching. | 
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more or less constant from 10° to 22°5° on warming, and from 25° to 20°, 
and again from 15° to 12°5°, on cooling. In fact the only difference of 
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these curves from those obtained with intact frogs lies in the fact of the 
less rapid increase of carbonic acid discharge at temperatures above 25°. 
The second pair of curves in the figure were obtained with a frog 
injected with 09 c.c. of curare. Here there are obvious intervals of 
constant metabolism between 12°5° and 17°5° both on warming and 
cooling, bat the general contour of the curves is less irregular than that 
of the first two. In the third pair of curves, from a frog with ‘12c.c. of 
curare, the break in the form of the curves is still less obvious, but 
nevertheless the carbonic acid discharge is nearly constant from 10° to 
15° on warming, and from 20° to 17°5° and again from 15° to 12°5° on 
cooling. In this case also the warming and cooling curves practically 
coincide with one another. In the second pair of curves they approached 
fairly close, but in the first pair they were quite distinct. Also in the 
third pair of curves is to be noticed a feature which was also present, 
but to a lesser degree, both in the first and second pairs. This is the 
relative diminution of carbonic acid discharge at high temperatures. 
Here we see that the carbonic acid discharge at 30° is less than that at 
27°5° on warming, whilst on cooling that at 25° is nearly as great as 
that at 27°5°. In the fourth pair of curves, obtained with a frog 
injected with ‘24c.c. of curare, this feature is still more obvious, Thus 
between 22°5° and 30° the carbonic acid discharge remains constant both 
on warming and cooling. In this pair of curves also one may see that, 
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with a slight and probably accidental exception at 6°, the carbonic 
acid discharge increases regularly up to 22°5° on warming, and diminishes 
even more regularly on cooling. Moreover the warming and cooling 
curves are practically identical. The constancy of carbonic acid discharge 
between 22°5° and 30° was found very puzzling to explain when not 
examined in connection with the other experiments. Thus, as described 
in the former paper, a frog poisoned with ‘24 c.c. of curare was in a 
somewhat similar manner found to have a constant carbonic acid 
discharge from 17°5° to 22°5° on warming, and from 25° to 17°5° on 
cooling. No explanation was at that time forthcoming to account for 
it. With reference to the other experiments recorded in this paper, 
the influence of the curare seems to have been more potent. Thus in 
only one of them, that in which 06 c.c. of 1°/, curare was administered, 
was the nervous control of the metabolism at all obvious. There were 
however slight breaks in the curves obtained on warming in the other 
two experiments. 

In order to confirm these unexpected results as to the effects of 
curare on R. temp., a similar series was made with R. escul. In 


_ Exps. 61 to 66 are given the results obtained with frogs to which had 


been administered 042 to ‘24c.c. of 1°/, curare. 


Time of Nervous control 

Curare 
Exp. administered 

| partial recovery | complete recovery | on warming on cooling 
61 042 0.0. end of exp. 2 days after marked marked 
62 06 ,, end of exp next day marked marked 
63 09 ,, end of exp. next day marked slight 
64 | 4 days after 5 days after absent slight 
65 21 ,, never never absent absent 
66 24 ,, never never slight marked 


The R. escul. were not found so satisfactory to work with as the R. 
temp., for the smaller doses of the drug were insufficient to keep them 
completely paralysed till the end of the experiment, and larger doses 
generally killed them. Thus in Exps. 61 to 63, the frogs were, by the 
end of the experiment, paralysed as far as voluntary movements were 
concerned, but showed muscular twitchings on pinching. In each 
case there is a definite period of more or less constant carbonic 
acid discharge both on warming and cooling. On the other hand in 
Exp. 64, in which the frog remained paralysed for four days, the 
carbonic acid discharge increases and decreases fairly regularly with 
the temperature. This is also the case in Exp. 65. Here it is probable 
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that the frog died about half way through the experiment, as the 
values for the carbonic acid discharge obtained on cooling are only 
about half as large as those obtained on warming. In Exp. 66, in 
which ‘24c.c. of curare was administered, the frog never recovered, 
though its heart was observed beating three days after the experiment. 
There is, nevertheless, a considerable amount of nervous control of the 
metabolism. Thus on warming, the carbonic acid discharge remains 
more or less constant from 12°5° to 17°5°, whilst on cooling it is quite 
constant from 17°5° to 10°. Just as in the experiments on R. temp., 
the carbonic acid discharge at high temperatures is, in comparison with 
that of normal frogs, considerably diminished. Thus in Exps. 61 and 
63, and to a lesser degree in one or two other cases, the metabolism 
remains nearly constant between 20° or 25° and 30°. 

In addition to its paralysing influence, curare, as is well known, 
considerably diminishes the metabolism of the tissues. Thus C. A. 
Ewald found' that curare caused the carbonic acid excretion of frogs 
kept at about 20° to diminish to a half the normal in five hours, and 
that this then kept constant for from ten hours to three days, and 
finally rose to the normal. In the present series of experiments this 
effect can readily be studied by means of the metabolism coefficients. 
Thus the mean values for R. temp. and R. escul. with various doses of 
curare are as follow : 


Mean metabolism coefficient 

Dose of curare R. temp. R. escul. 
Nil 100 “74 
066 c.c. and under 58 “51 
09 c.c, to *15 48 
18 o.c. to 24 c.0. 43 40 


The R. temp. are affected most, but the difference is not so great as 
it appears at first sight, in that the R. escul. used were on an average 
10 to 15 grams heavier than the R. temp., and so, per unit body weight, 
did not receive such large doses of the poison. In each case the 
dependence of the average carbonic acid discharge on the dose of 
poison is well shown. 

On calculating the mean metabolism coefficients for each tempera- 
ture, the following values are obtained. 


Anima) Dose of curare & w 18° | 178 | | 
R. temporaria | ‘015 to 0660.0. | -45| -45| -67| 69 | -76| -74| -66 | 61| -60| -47| -29 
09 to ,, | -42| -48| -51| -54| -56| -49| -41 | -28 

RB. esculenta | -042to 24 |, | -41| -52| -55| -51| -50| -85| -21 


1 This Journal, xm. p. 847. 1892. 
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The observations on R. temp. have been split up into two groups, 

according to the dose of curare administered. In both cases the 
carbonic acid discharge, compared with that of normal frogs, remains 
nearly constant from 10° to 25°, and falls off considerably at temperatures 
above or below these limits. The value at 30° is exceedingly small, it 
being on an average only a quarter of that in normal frogs. The 
mean values for R. escul. demonstrate just the same effect as those for 
R. temp., viz, that in curarised frogs the carbonic acid discharge is 
moderately diminished at temperatures varying from 10° to 25°; is 
considerably decreased at temperatures below 10°, and is still more 
affected at those above 25°. 

In order to follow more closely the effect of curare on the carbonic 
acid discharge of the frog, the respiration of a normal frog, from which 
the cerebral hemispheres had been removed, was measured, and a dose 
of ‘lc. of 1°/, curare administered. The carbonic acid discharge was 
then measured at frequent intervals. The temperature throughout the 
experiment was kept at 15°. The amounts of carbonic acid evolved 
calculated in milligrams per kilo body weight per hour, were as follow. 
In the upper line are given the number of hours after the administration 
of the curare. 


Normal frog Hour lst 2nd 4h—Sth 6th—8th 9%¢th—2ind 25th—27th 28th—30th 
97 84 56 53 61 52 53 59 61 64 


Here we see that the carbonic acid discharge reaches a minimum in 
the fifth hour after the curare was injected, though it remains very 
nearly constant from the 3rd hour till the 22nd. Therefore it follows 
that in the experiments just described on the carbonic acid discharge of 
curarised frogs, the animals were practically under the same degree of 
narcotism throughout their duration, except perhaps in the case of those 
to which only very small doses were administered. 

Finally, it may not be out of place to pass a few remarks as to 
the bearing and interpretation of these results obtained with curarised 


Thus we have seen that in the first place there are, in all 
probability, nervous centres situated in the medulla, which control 
the carbonic acid discharge of the tissues, and that in the second place, 
a considerably larger dose of curare is needed to abolish this nervous 
control of the metabolism than to paralyse all voluntary muscular 
movement. Hence it follows that in the frog, if not in other animals, 
the nerves which have the duty of controlling the carbonic acid 
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of the tissues are quite distinct from the motor nerves of the 
muscles. Whether these metabolism controlling nerves are no more nor 
less than the vaso-motor nerves, it is difficult to say. There seems a 
likelihood that they are distinct from them however. Thus the fact 
that curare in small doses does not paralyse all the nerves passing to 
voluntary muscle is indicated by the fact that curarised frogs have a 
considerable amount of ‘tone’ in their muscles. The hind limbs of 
a suspended frog do not hang limp and nearly straight as in a frog 
with the cord destroyed, but at about the same angle as when the cord 
is intact. It seems possible therefore, that there may be a special set 
of nerves present, whose function is to control the metabolism of the 
muscles, and also to thereby regulate their tone. 

On such a supposition the metabolism of a muscle would depend on 
two factors, its ‘tone’ and its temperature, the temperature bringing 
about the discharge of carbonic acid which is natural to all living 
tissues, and the ‘tone’ bringing it about by virtue of tonic nervous 
impulses from the central nervous system. In such an animal as the 
frog, therefore, the comparatively large metabolism at lower temperatures 
should be accompanied by an increased tone of the muscles. 


THE EFFects OF STRYCHNIN, VERATRIN AND MORPHIN. 


It was thought to be of interest to make a few experiments on the 
effects of strychnin, veratrin and morphin, as, by the method of experi- 
ment adopted, one can determine and compare the effects produced by 
these drugs at high and low, as well as at ordinary temperatures. Four 
experiments, Nos. 39 to 42, were made on strychnised frogs. In Exp. 
39, ‘18 c.c. of 01 °/, strychnin acetate was administered an hour before 
the beginning of the experiment. This dose was apparently too small 
to produce any effect, as the carbonic acid discharge was no greater 
than in normal frogs. On warming, the metabolism remains nearly 
constant from 10° to 20°, and then increases rapidly. On cooling, it is 
nearly constant from 17°5° to 10°. In Exp, 40, ‘27 c.c. of ‘01 °/, solution 
was injected, but as the frog was of considerably less weight, this was 
practically twice as large a dose as in the previous experiment. The 
effect produced was very marked. The carbonic acid discharge on 
warming is at most temperatures three or four times the normal 
amount, From 6° to 30°, except for a low value at 12°5°, the meta- 
bolism remains more or less constant ; or, in other words, is practically 
unaffected by the temperature. On cooling, the effect of the drug 


“@ 
t 
4 
i 
t 
» 
4 
4 
> 
“4 


478 M. VERNON. 


seems to have been passing off, as the carbonic acid discharge is not 
very much~greater than in normal frogs, and moreover it decreases 
rapidly with the temperature down to 20°, and then remains nearly 
constant till 15°. After this it again rapidly diminishes. On removal 
of the frog from the respiration apparatus, it was found to be in a 
slight state of muscular spasm. In Exp. 41 a dose of 06 c.c. of ‘1 °/, 
solution was administered, the effect produced being very great. Thus, 
as in the previous experiment, the carbonic acid discharge is three or 
four times the normal amount. Also on warming it remains practically 
constant from 10° up to 30°, the somewhat low values at 20° and 22°5° 
excepted. On cooling, it again remains constant down to 20°, and from 
this point decreases more or less regularly with the temperature. On 
removal of the frog from the apparatus, it was found to be in a mode- 
rate state of spasm. From this it had recovered by the next morning. 
In Exp. 42 18 cc. of *1 °/, strychnin was injected. In this case the 
carbonic acid discharge does not reach a more or less constant value on 
warming till 10°. From this point up to 30° it remains nearly con- 
stant, as in the previous experiments. On cooling also the effect 
persists, and it is not until 6° that the carbonic acid discharge begins to 
diminish. Throughout the experiment, and for two or three days after 
it, the frog went into a moderate state of spasm whenever it was 
touched. 


30° 
25° 
15° 
0 100 «©6200 300 
Fig. 13 
Strychnised Frogs. 


In Fig. 13 are given the curves showing the mean values of Exps. 
40 to 42. Exp. 41 is not included, as the dose of strychnin administered 
was apparently too small to produce any effect. Though these mean 
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values are still somewhat irregular, yet it is clear that the carbonic acid 
discharge of strychnised frogs increases largely on warming from 2° 
up to 10°, and from this point up to 22°5° remains constant. It then 
increases slightly, but the value at 30° is very little greater than that 
at 10°. On cooling, the carbonic acid discharge apparently diminishes 
more or less regularly with the temperature, except that there is a 
distinct interval of nearly constant carbonic acid discharge from 17°5° 
to 15°. The dissimilarity between the warming and cooling curves is 
probably due to the effects of the poison having more or less passed off 
in the second half of the experiment. Thus in Exp. 42, in which the 
maximum dose of strychnin was employed, the warming and cooling 
curves are nearly identical. It may therefore be concluded that in 
well strychnised frogs the carbonic acid discharge increases rapidly up 
to 10°, and from this point up to 30° increases only slightly if at all with 
the temperature. The explanation of this is perhaps as follows. Owing 
to the effects of the strychnin, the muscles are in a state of spasm at all 
_ temperatures, and hence are giving off nearly as much carbonic acid 
as they are capable of, almost irrespective of temperature. We have 
already seen that in normal frogs the average amount of carbonic acid 
evolved at 30° is 548 mgm. per kilo body weight per hour, and we may 
take it that this figure expresses almost the maximum amount of 
carbonic acid a frog can evolve. Now strychnised frogs evolve on an 
average from 400 to 500 mgm. of carbonic acid per kilo per hour at 
temperatures from 10° to 30°, 7.¢., an amount not far inferior to what 
may be regarded as the maximum value. 

These results obtained with strychnised frogs are rather at variance 
with the conclusions of other observers. Thus Kunde and Foster’ 
found that raisipg the temperature of strychnised frogs diminishes the 
convulsions, whilst cold increases them. When larger doses are em- 
ployed however the opposite effect is produced, and the convulsions 
increase with a rise, and diminish with a fall of temperature. In the 
present series of experiments we have seen that whilst rise of tempera- 
ture from 2° to 10° increases the carbonic acid discharge, and probably 
therefore the convulsions, a further rise from 10° to 30° increases it but 
little, It is not probable therefore, taking into account the direct effect 
of temperature, in accelerating metabolism, that the convulsions can be 
much increased by increase of temperature. Further, the effect of 


temperature seems practically the same, whatever the dose of strychnin 
administered. 


! Vide Lauder Brunton’s Pharmacology, 8rd ed. p. 46. 
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The mean metabolism coefficients of these strychnised frogs are 
respectively 79, 2°15, 3°14 and 2°38: but if the first value be omitted, 
the mean of the other three is 2°56. In other words, the average 
carbonic acid discharge of strychnised frogs is more than two and a half 
times greater than that of normal frogs. The mean of the coefficients 
obtained on warming is 2°99, and of those on cooling, 2°12. This con- 
siderable diminution of carbonic acid discharge on cooling may be due 
to the frogs having become exhausted by their previous increased meta- 


_ bolism, but it is more probably owing to the influence of the drug 


having partly passed off. The mean values of all the coefficients at 
each temperature are as follow. 


1°76 2°67 8°86 8°21 8°40 8°29 2°75 2-30 2°87 1°75 “76 


From these values we see that in strychnised frogs, the carbonic acid 
discharge, in comparison with that of normal frogs, increases from 2° 
to a maximum value at 10°, and then gradually declines till it reaches 
@ minimum at 30°. 

The effects of veratrin were next studied, three experiments being 
made. In Exp. 43, 30c.c. of ‘01 °/, veratrin was injected. On warm- 
ing, the carbonic acid discharge remains almost constant from 6° to 
17°5°, and indeed only increases slightly up to 22°5°. It then undergoes 
a sudden and very great increase, the carbonic acid discharged at 30° 
being nearly twice the normal amount. On cooling, similar changes 
take place, only of course in an inverse order. The metabolism dimi- 
nishes rapidly down to 20°, and from this point down to 12°5° decreases 
only very slowly. In Exp. 44, in which 48 ¢.c. of 01 °/, solution was 
administered, the effects produced are almost exactly the same. The 
carbonic acid discharge on warming remains constant from 10° to 22°5°, 
and then increases very rapidly. On cooling, it then diminishes rapidly 
down to 20°, and from this point down to 12°5° diminishes only very 
slightly. In Exp. 45, 6 c.c. of ‘01 °/, veratrin was given. In this case the 
carbonic acid discharge is considerably larger than in normal frogs, espe- 
cially at medium temperatures. On warming, the metabolism, though 
with considerable fluctuations, remains more or less constant from 10° up 
to 25° or 27°5°. It then increases considerably. On cooling it diminishes 
rapidly, and then remains constant from 15° to 10°. In all three expe- 
riments therefore the curves of carbonic acid discharge show similar and 
what may probably be regarded as typical features. The metabolism 
remains constant over a considerable range of temperature, such as 10° to 
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22°5° on warming, and then increases very rapidly; whilst on cooling, 
the features exhibited are somewhat similar. In Fig. 14 are given 
the curves representing the mean values of these experiments. 


30" TTT 
20° 
pene 
aan 
10TH 
393 
100 200 $00 400 600 600 700 


Fig. 14 
Veratrinised Frogs. 


In none of the three experiments did the frog seem at all affected 
by the poison, either before or after being exposed to the temperature 
changes: but the frog used in Exp. 45, where ‘6 c.c. of veratria had been 
administered, was found dead three days after the experiment. This 
may of course have been accidental. 

The mean metabolism coefficients of the three experiments on vera- 
trinised frogs are 1°07, 1:03 and 1°55, or on an average, 1°22. The 
means of the warming and the cooling halves of the experiments are 
also 1°22. The carbonic acid discharge of veratrinised frogs is therefore 
appreciably greater than that of normal ones. On calculating out the 
mean coefficients at each temperature, the following values are ob- 
tained. 

106 4823 12 1080 2 410 128 


Here we see that the carbonic acid discharge at 2° is less than the 
normal. It then rises considerably, but only to fall again till it reaches" 
a second minimum at 17°5°. It then rises again and reaches its 
maximum amount at 27°5°. It would seem therefore that in veratri- 
: nised frogs the metabolism is considerably increased at high tempera- 
tures, and moderately increased at medium temperatures. At low 
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temperatures as at 2° it is on the contrary diminished. These con- 
clusions are more or less in agreement with those of Brunton and 
Cash’, on the influence of veratrin on the contraction of frog’s muscle. 
Thus they found that up to a certain limit heat increased the effect of 
veratria, whilst cold lessened its effect. At very high temperatures 
veratria had no influence at all on the muscle curve. 

It is stated* that veratria has no action on the brain and probably 
no action on the spinal cord; but the results here obtained seem to 
show that it has some action on the metabolism controlling centres. 
Thus in veratrinised frogs the nervous control of the metabolism is 
much more marked than in normal frogs, the carbonic acid discharge 
being kept absolutely constant right up to 225° on warming; «e., for 
5° more than in normal frogs. 

Two experiments were made with morphin. The effect of this drug 
on the frog is different from that on man, as enormous doses have to be 
given to get any obvious effect at all. The action is said to be then of a 
somewhat strychnin like nature*. In the present experiments there is no 
trace of this however. Thus in Exp. 46, where ‘21 cc. of 10 */, morphin 
acetate was administered, the carbonic acid discharge remains more or 
less constant from 2° up to 15°. It then increases fairly rapidly up to 
22°5°, but from this point up to 30° again remains constant. On cooling, 
the metabolism increases down to 25°, and then decreases regularly 
down to 15°. From this point down to 10° it remains nearly constant. 
In Exp. 47, in which 36 c.c. (i.e. a full therapeutic dose for a man) 
was administered, the carbonic acid discharge remains nearly constant 
from 2° up to 20°, and then increases fairly rapidly. On cooling, it 
remains constant till 22°5°, and then after decreasing considerably, again 
remains constant from 17°5° to 125°. From these two experiments 
one may conclude that in morphinised frogs the nervous control of the 
metabolism is if anything more marked than in normal frogs, but that 
at temperatures from 22°5° onwards there is a tendency for the carbonic 
acid discharge to remain constant, and not to increase with the tem- 
perature. 

The metabolism coefficients of these two experiments are respec- 
tively 1-11 and 1°06, hence morphin has at any rate no tendency to 
diminish the carbonic acid discharge. The mean of the metabolism 
coefficients obtained on warming is ‘88, and of those on cooling, 1°29, 


1 This Journal, rv. p. 1. 1883. 


2 Brunton’s Pharmacology, p. 1047. 
® Ibid. pp. 168 and 172. 
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hence it would seem that the carbonic acid discharge, once increased 
by the influence of high temperature, does not readily regain its normal 
value. 


Tue Errect or Raprp TEMPERATURE CHANGES. 


It has already been noticed that as a rule the curve of carbonic 
acid discharge obtained on cooling a normal frog does not by any 
means coincide in form with that obtained on warming, and, as may 
be seen on referring to Fig. 1, the mean warming and cooling curves 
are by no means identical. This leads one to surmise that the actual 
processes of warming and cooling may have some effect upon the 
metabolism. In this case, one would expect that several rapid alter- 
nations of temperature might produce still further deviations of the 
warming and cooling curves from each other, and from the. normal 
type. In the former paper were described several experiments in 
which the frog was warmed and cooled two or three times before the 
carbonic acid discharge was measured. It was found that in these 
cases the metabolism became very irregular, it in some cases in- 
creasing and decreasing quite regularly with the temperature, and in 
others showing sudden and very considerable variations in amount. 
In the present series of observations, four experiments were made upon 
the effects of rapid temperature changes. In Exp. 7 the frog was 
first warmed as quickly as possible to 30°, and then cooled to 2°, 
before the carbonic acid discharge was measured. The values obtained 
are much more irregular than in normal frogs. Thus the metabolism 
decreases from 2° up to 10°, then suddenly increases to more than 
three times its previous amount, and then again remains more or less 
constant up to 20°. Above this temperature it increases rapidly. On 
cooling, the carbonic acid discharge, with one slight exception, decreases 
quite regularly with the temperature. Again, in Exp. 8 the carbonic 
acid discharge of the frog was first determined from 2° to 30° in the 
usual manner, and the animal was then cooled rapidly to 12°5°, warmed 
to 28°4°, and then cooled to 2°, when its carbonic acid discharge was 
again determined on gradual warming to 30°. In this case, however, 
the rapid temperature changes appear to have produced little or no 
effect, the curve obtained after them being of nearly the same form 
as that obtained before. Again, in Exp. 9, the metabolism was first 
measured in the usual way from 2° to 30°, and the frog then cooled 
to 11°8°, warmed to 25°4° and then cooled to 6°. On again warming 
gradually, the carbonic acid discharge was found to remain constant 
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from 6° up to 12°5°, and then after suddenly increasing threefold, to 
again keep constant till 225°. It then. increased rapidly with the 
temperature. In Exp. 10, made three days later, this same frog, 
without having been subjected to any further temperature variations, 
was experimented with in the usual manner. Its carbonic acid dis- 
charge was now found to increase with perfect regularity from 2° 
right up to 30°. On cooling, however, the metabolism was found to 
remain more or less constant from 22°5° to 17°5°, and again from 
10° to 2°. 

These experiments, as far as they go, give results in the main in 
accordance with those previously obtained. And they serve to confirm 
the conclusion that the carbonic acid discharge of the tissues is con- 
trolled by a nervous centre, for it is obvious that if it were a purely 
tissue metabolism phenomenon there would always be a fixed and 
definite amount of carbonic acid given off at each particular tem- 
perature, unless of course the frog struggled. 


Tue Errect oF THE SEX AND SIZE OF THE ANIMAL ON ITS 
CaRBONIC DISCHARGE. 


We have seen how greatly the carbonic acid discharge per unit 
body weight varies in different animals. It also varies considerably 
in different individuals of the same species, depending, among other 
conditions, upon the sex of the animal, and upon its size. Thus in 
the case of R. temp., on taking averages of the metabolism coefficients, 
it is found that with female frogs the mean coefficient is ‘92, whilst 
with male frogs it is 1:10, or 21°/, greater. This considerable difference 
of metabolism is probably very largely if not entirely due to the bodies 
of the females being distended with ova, the metabolism of which can 
be but slight. 

In the case of R. escul., the four experiments made on female 
specimens show a mean metabolism coefficient of ‘51, whilst the two 
made on males, one of ‘96. 

In a former paper' it was shown that the respiratory activity of 
marine invertebrate animals depends very largely on the size of the 
animal, a medusa weighing 62 grams, for instance, having a respiration 
nearly three times as great as one weighing 107 grams. In fact it 
was found to be an almost universal rule, that the respiratory activity 


1 Brunton’s Pharmacology, p. 85. 
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of an animal varied inversely as its size. Jolyet and Regnard, in 
their work on the respiratory exchange of marine animals’, had also 
come to the conclusion that, other conditions being similar, smaller 
animals have a relatively greater respiratory exchange than larger 
ones of the same species. A similar relation was found to hold in 
the present experiments, in the case of frogs, as is shown in the accom- 
panying table. Only observations on normal frogs are included, the 
results obtained in the old series of experiments being incorporated, 
as well as those of the present series. 


27-20 1-18 83°53 1-08 

29-76 1-34 38: 

80-52 1-21 87-87 | 1-06 
83-53 1-08 40°55 98 

35 

36-08 | 42°68 1-10} 1-02 45-69 | 45°29 “77 
89-27 1-22 49-02 57 

68-55 91 


In the case of male frogs, the weights vary from 27:20 to 68°55 
grams. The coefficients do not deerease very regularly with the in- 
crease of weight, but it is obvious that there is a relation between 
these two factors. Thus if the observations be divided into two, the 
mean coefficient in the first four, where the average weight of the 
frog is 30°52 grms., is 1°21, whilst that of the next five, where the 
average weight is 42°68 grms., is 1:02. With the female frogs the co- 
efficients diminish more regularly with the increase in weight. Also 
the weight seems to have more influence on the carbonic acid discharge 
than it does in male frogs. Thus on dividing up the eight experiments 
into two, it is found that in the first four, with a mean weight of 37°87 
grms. the coefficient is 106, whilst in the other four, with a mean 
weight of 45°29 grms., it is ‘76. Thus whilst the weight increases by 
20°/,, the carbonic acid discharge decreases by 27 °/,. 

Whilst discussing the question of the weight of the animals, mention 
may be made of the variations in weight which occur during the course 
of the experiment. In all the later observations the animals were 
weighed immediately before and immediately after each experiment 
as it was found that the differences between the two weighings were 


1 Archives de Physiologie, 2 Sér. rv. pp. 44, 584. 1877. 
32—2. 
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sometimes considerable. In the first third of the experiments this 
double weighing, being thought unnecessary, was unfortunately omitted. 
In the only two observations made on normal R. temp. (Exps. 7 and 
10), the weight increased by respectively 9°1 and 2°5°/, in the course 
of the experiment. In the two observations made on the toad it on 
the other hand diminished by respectively 4°1 and 82°/, In the 
two experiments with the snail it increased by 2°8 and 3°1°/,, and in 
the two with the newt by 7°1 and 50°/, respectively. 

In the other observations on R. temp. the weight almost always 
increased during the course of the experiment. Thus in Exps. 23, 
24 and 25, on frogs with a transverse section at the lower border of 
the medulla, the weight increased by respectively 5°3, 66 and 3°4°/,. 
In Exps. 15, 16, 17 and 18, where the transverse section was at the 
upper border of the medulla, the weight varied by respectively + 11°8, 
+5°6,-—‘9 and —‘7°/,. The effect of drugs is also considerable. Thus 
in Exps. 32, 33, 36 and 38, in which respectively 03, *045, -12 and 
‘24 cc. of 1°/, curare had been injected, the weight increased by 
respectively 1°9, 78, 80 and 10°5°/, Again in Exps. 43, 44 and 45, 
in which respectively “30, ‘48 and ‘6 cc. of 01°/, veratrin had been 
injected, the weight increased by respectively 4°5, 47 and 163°/,. In 
both these cases there is an obvious relation between the change in 
weight and the amount of the drug injected, the one increasing with 
the other. This is not the case with strychnin poisoning, as in Exps. 
39, 40, 41 and 42 the change in weight was respectively —°2, + 5°6 
—"6 and —87*/,. Also in Exps. 46 and 47, in which morphin was 
injected, the weight changed by respectively + 2°9 and —3°8°/,. 

Compared with other animals, R. escul. appears to preserve a much 
more constant weight. Thus in Exps. 57 and 58, in which the frogs 
had a transverse section at the lower border of the medulla, the weight 
varied by only +14 and —1°8°/, respectively. Again in Exps. 63 
to 66, on curarised frogs, the weight varied by only —‘8, —°8, +1°6, 
+15 and —2'2°/, respectively. 

Finally, in Exps. 69 and 71, made on toads with a transverse section 
at the lower border of the medulla, the weight increased by respec- 
tively 32 and 63°/,. 

As a rule, therefore, we see that the animals somewhat increase 
in weight during the course of an experiment. This is rather what one 
would expect, for the current of air in which they are placed for the 
time being is nearly saturated with moisture, which they can readily 
absorb through the skin. It is on the other hand quite inexplicable 
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why R. escul. should react so differently to R. temp., when subjected 
to exactly similar conditions. 

The weights given for the animals in the table at the end of the 
paper are in all cases those determined immediately after each ex- 


periment. 
THE RESPIRATORY QUOTIENTS. 


As has been already mentioned, the oxygen absorbed was de- 
termined by weighing the animal chamber before and after the ex- 
periment, so that the respiratory quotient might be derived. The 
quotients obtained in the former paper were probably almost all of 
them too low. This must have been due to a slight leakage of moist 
air into the apparatus. Thus when the total amount of carbonic acid 
absorbed amounts to only about ‘04 grms., a leakage of about 50 c.c, 
per hour, over a ten hours’ experiment, of air saturated with moisture 
at 20°, would cause a quotient of ‘80 to fall to one of ‘62. In the 
present series of experiments the leakage was probably nil, as the 
apparatus was rendered less complicated, and the number of connections 
and points of possible leakage considerably diminished. This was 
effected by conducting the current of dried and carbonic acid free air 
directly to the animal chamber, and not allowing it to first. pass through 
the beaker which was used as a counterpoise against the animal 
chamber, as was done in the former series of experiments. Also the 
corks in the animal and counterpoise beakers were replaced by india- 
rubber bungs, which greatly diminished the chance of leakage. 

The: values obtained for the respiratory quotients. are given in 
the last column but one of the table at the end of the paper. In 
the subjoined table the different quotients obtained with R. temp,, 
under the various conditions of experiment, together with the mean 
values, are given. 


Mean 
Condition of Frog Respiratory quotients quctens 
bulb “88, 1°05, 1°02, 1-11, 80, ‘99, ‘97, 94 
T. s. at lower border of bulb 121, *75, *93, 1°05, -84, -97, -68, 1°05 94 
T. s. of cord 1°28, 18, “81 94 
Veratrinised 88, 88, 81 
Morphinised “74, °76 “15 
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The mean of the forty-six quotients obtained with R. temp. is ‘887. 
From the table we see that the mean quotients obtained under various 
conditions vary only from ‘75 to ‘98. The mean quotient of the six 
experiments with normal frogs is ‘85, a value not far removed from the 
general mean of all the experiments. The mean quotient of frogs 
subjected to rapid temperature changes is ‘82, or nearly the same. On 
the other hand frogs in which the central nervous system has been in- 
jured appear to have distinctly higher quotients than normal frogs. Thus 
in the eight experiments in which a transverse section was made at 
the upper border of the medulla, the eight in which it was made at 
the lower border, and the three in which the cord was cut, the mean 
quotient is in each case ‘94, a value some 11°/, higher than that of 
normal frogs. With curarised frogs on the other hand the mean 
quotient is 84, or practically the same as with normal frogs. With 
strychnised frogs a mean quotient of ‘98 was obtained, but if Exp. 39, 
in which the dose of strychnin was too small to produce any effect, be 
omitted, a mean value of 1°07 is obtained. This high quotient is what 
one would expect, the strychnin ‘spasms causing a discharge of carbonic 
acid disproportionate to the oxygen absorbed into the tissues. Vera- 
trinised and morphinised frogs on the other hand appear to have 
quotients somewhat lower than the normal, but the number of obser- 
vations made was too small for any definite conclusions to be drawn. 

In the next table are collected together the various quotients ob- 
tained with the other animals examined. 


Mean 

Animal Respiratory quotients quotient. 
R. esculenta (normal) "86, °63, “78, 1°06 “82 
 (t.8. at lower border of bulb)| °87, “91, -88, “80, “86 
(curarised) 1-01, ‘61, “86 1-02, "85, *83 90 
Bufo ) “77, “81, “80 
»»  (t.s. at lower border of bulb)| -76. 60, “68 
Amblystoma tigrinum 84, -79 “82 
Molge vulgaris ‘75, “77 
guis fragilis °87 
Helix pomatia 74, °79 ~ 77 
Periplaneta orientalis ~ “76 
"83, -96 “90 


As a mean of six experiments, R. escul. has a quotient of 82, a. 
value practically the same as that of R. temp. The seven experiments 
on frogs with a transverse section at the lower border of the medulla 
give a mean quotient of ‘86, a value only slightly higher than that 


q 


RESPIRATORY EXCHANGE. 489 


of the normal animals. If however the first quotient, which is so 
low as to render it almost certain that there was a leakage into the 
apparatus, be excluded, the mean quotient rises to 91. This value 
is 11°/, greater than that of normal R. escul., an amount identical with 
that representing the difference between the quotients of normal 
R. temp. and those with a transverse section at the lower border of 
the medulla, 

The mean quotient obtained with curarised R. escul. is ‘90, or some- 
what higher than the value for R. temp. | 

Of the other animals examined, the earthworm has the highest 
mean quotient, viz. ‘90. The axolotl comes next with a mean quotient 
of ‘82, and then the toad, with one of ‘80. The other animals show 
quotients varying from ‘73 to ‘77. Of the individual values, there is 
one for the blindworm which is so low that it may probably be put 
down to a leakage in the apparatus. This may also be true for one 
of the quotients obtained with a toad with a transverse section below 
the medulla. As far as one can judge from the numerical values of 
the quotients as a whole however but very few of the determinations 
could have been invalidated at all by a leakage, and so one may put 
a considerable amount of confidence in the mean values obtained. 

It may thus be concluded that cold-blooded animals have, under 
normal conditions, quotients of about the same numerical value as 
warm-blooded animals. This conclusion is somewhat at variance with 
the results obtained on the quotients of cold-blooded animals by pre- 
vious observers, who as a rule obtained rather lower values for the 
quotient. Thus Regnault and Reiset, in their classical research on 
Respiratory Exchange’, obtained quotients varying from ‘70 to ‘79 for 
frogs, and the quotients 59, °40, 55, 69 and ‘66 for hibernating 
marmots. Jolyet and Regnard’ obtained a quotient of 56 for the 
axolotl, though they found fresh-water and marine fish to give quo- 
tients of about ‘8. Again, Munk gives a quotient of 63 for the 
frog’. In most of the experiments made by other observers on the 
respiration of cold-blooded animals, the oxygen absorbed was not de- 
termined, and hence no quotient obtained. 


1 Ann. d. Chim. et d. Phys, (3), xxv1. 1849. 
Malys Jahresber. 1877, p. 332. 
3 Physiologie des Menschen und des Saiigethiere, 1888, p. 82. 
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SUMMARY. 


The following are the chief conclusions arrived at in this paper. 

In cold-blooded animals the carbonic acid discharge does not 
increase and decrease uniformly with increase and decrease of tem- 
perature.. There are in almost all cases temperature intervals over 
which the metabolism remains nearly constant. These are most marked 
in the newt and earthworm, in which the carbonic acid discharge 
remains absolutely constant from 10°C. up to 225°C. on warming 
the animals, and for rather shorter temperature intervals on cooling 
them. In the toad the metabolism is also constant from 10°C. to 
22°5° C. on warming, and diminishes only very slightly from 17°5° C. 
to 2°C. on cooling. In the blindworm and axolotl the carbonic acid 
discharge increases only -slightly-on*warming from 2°C. to 20°C., but 
from 20°C. onwards to 30°C: increases rapidly. On cooling, the 
metabolism undergoes similar changes, only in reverse order. In 
R. esculenta the carbonic acid discharge remains constant from 15° to 20° 
on warming, and from 17°5° to 15° on cooling. In R. temporaria the 
true condition of affairs is somewhat doubtful, as in the series of obser- 
vations described in a previous paper the metabolism was found to be 
constant from 6° to 17°5° on warming, and more or less so from 17°5° 
to 12°5° on cooling, whilst in the present series it is found to be 
constant only from 12°5° to 17°5°, on both warming and cooling. In 
the snail the carbonic acid discharge increases regularly from 2° up 
to 20° on warming, but from 20° up to 30° remains practically constant. 
It diminishes more or less regularly with the temperature on cooling. 
In the cockroach alone of the animals examined was the metabolism 
found to increase and decrease ‘uniformly with the temperature. 

As these intervals of constant carbonic acid discharge were thought 
to be due to a control of the metabolism of the tissues by the central 
nervous system, the effects of lesions of this latter upon it were studied. 
It was found in frogs, both R. temp. and R. escul., and also in toads, 
in which a transverse section at the lower border of the medulla had 
been effected, that the carbonic acid discharge increased and decreased 
quite regularly with the temperature. When however a transverse 
section was made at the upper border of the medulla or above the 
cerebellar ridge, the temperature intervals of constant metabolism 
were almost as marked as in intact frogs, though there were occasionally 
some irregular results obtained. It is surmised therefore that there 
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is a centre of control of the metabolism of the tissues situated some- 
where in the medulla. 

As the control of the metabolism can be abolished by cutting off 
the nervous impulses by lesions to the central nervous system, so one 
would expect a like result to follow on cutting off the impulses at 
the peripheral system. This can be effected through the agency of 
curare. But as the result of numerous experiments both on R. temp. 
and R. escul. it was found that the nervous control of the carbonic 
acid discharge only disappeared under excessive doses of the poison. 
Doses sufficient to completely paralyse voluntary and reflex muscular 
power produced little or no diminution of the nervous control of the 
respiratory exchange. 

In strychnised frogs the carbonic acid discharge increases rapidly 
on warming from 2° up to 10°, but from this temperature up to 30° 
it remains practically constant. In veratrinised frogs on the other 
hand the metabolism remains constant up to 22°5°, and on further 
warming increases much more rapidly with the temperature than is 
the case in normal frogs. Morphin has but little action, it tending to 
cause & diminution of the carbonic acid discharge at temperatures from 
22°5° to 30°. 

Taking the average carbonic acid discharge of normal intact frogs 
for all temperatures from 2° to 30° as 1:00, that of the cockroach is 
3°03, that of the newt 1°59, of the toad 1°32, axolotl 1°14, snail ‘88, 
R. escul. ‘74, blindworm ‘52, and lastly that of the earthworm 45. The 
R. temp. with a transverse section at the lower border of the bulb have 
a value of °65, and the R. escul. similarly treated one of 55. Curarised 
R. temp. have values varying from ‘58 to °43, according to the dose 


of the poison. Strychnised frogs have one of 2°56, and veratrinised, 
one of 1°22. 


The mean respiratory quotient for normal R. temp. is ‘85. Cura- 
rised frogs have a similar value, but frogs with a lesion of the central 
nervous system, either at the upper or lower border of the medulla, 
or of the spinal vord, in each case have a mean quotient of ‘94. 
Strychnised frogs have a quotient of 1:07. The other animals examined 
had quotients varying from the maximum value of ‘90 for the earth- 
worm, to one of °72 for the blindworm. 
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The influence of Gravity on the Circulation. By Lronarp 
Hitt and BaRNARD. 


The following is a preliminary note of further investigations on the 
hydrostatic effect of gravity on the arterial and venous circulation. 

Method. A cannula is passed down the carotid artery into the aorta, 
a second cannula is passed down the external jugular vein into the 
vena cava superior. The ends of both cannul# within the vessels arc 
arranged so as to lie in the axis round which the animal board -is swung. 
The arterial cannula is connected with an Hg manometer provided with 
a recording float and style, the venous cannula with an MgSO, 
manometer, and the latter in its turn is connected with a delicate 
recording tambour. 3 

Animals. Dogs and cats. Anaesthetic. Morphia. 

The experiments which we have carried out prove the enormous 
importance of respiration as an aid to the circulation. In certain 
conditions the respiratory pump is as essential for the maintenance of 
the circulation as the cardiac pump. Thus :— 

Experiment 1. A dog is placed in the vertical feet-down position. 
By simply establishing artificial respiration in place of natural breathing 
the arterial pressure can be enormously lowered. Owing to the 
hydrostatic effect of gravity the heart is unable to fill if the intra- 
thoracic pressure is rendered positive. 

Experiment 2. The splanchnic nerves are divided and the dog is 
placed in the vertical feet-down position. The arterial pressure falls 
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considerably owing to the loss of arterial tone, the blood passes into the 
venous side under the influence of gravity, and with increased velocity 
in consequence of the lessened peripheral resistance. If the abdomen 
be now opened by a crucial incision, the arterial pressure falls to a 
further degree, owing to the loss of mechanical support afforded to the 
veins and capillaries by the abdominal wall. If a knife be now 
suddenly passed through the diaphragm, so as to open the thorax, the 
arterial pressure immediately falls to zero. Owing to the positive 
pressure in the thorax coupled with the influence of gravity the heart 
is now unable to fill from the venous side. 

On returning the animal to the horizontal position the circulation 
immediately recommences, but if a clip be placed on the vena cava 
inferior when the animal is in the feet-down posture, then there is no 
recovery of the circulation when the animal is restored to the horizontal 
position. On removing the clip however the heart immediately fills and 
the circulation is restored. 

We have also studied the effect of gravity on the circulation when 
the heart is arrested by vagus inhibition. We have determined that 
there is some relation between the effect of the respiratory movements, 
the venous pressure, and the escape of the heart from vagal inhibition. 

Eaperiments : 

1, The period before escape is somewhat prolonged by the feet- 
down position, more so by the feet-down posture coupled with depression 
of vaso-motor tone through administration of chloroform, enormously 
prolonged and often rendered permanent by the feet-down posture 
coupled with section of the spinal cord at the ist dorsal vertebra. 

2. On suddenly altering the posture of the animal from the feet- 
down to the horizontal posture, the heart frequently escapes. 

3. On the appearance of that form of respiration which is a typical 
symptom of anemia of the spinal bulb, «.¢. thoracic suction combined 
with abdominal compression, the heart escapes. 

This form of respiration during cardiac arrest pumps the blood from 
the arterial into the venous side, and raises the venous pressure. 

When this form of respiration is excited by the feet-down position 
during standstill of the heart, it prevents the fall of venous pressure 
under the hydrostatic influence of gravity. 

In relation to the compensation for the hydrostatic pressure changes 
due to alterations of position, the respiratory muscles stand to the 
venous side in the same réle as the muscular wall of the arterioles stand 
to the arteries. 
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When the arterial tone is lost then the maintenance of the 
circulation in the feet-down posture depends entirely on the efficiency 
of the respiratory pump. The heart must be filled from the veins by 
the suction of the thorax, and the compression of the abdomen, or 
otherwise the circulation will cease. This type of respiration is evoked 
in states of anemia of the spinal bulb produced by asphyxia, vagal 
inhibition, ligation of the cerebral arteries, cerebral compression. 

During prolonged standstill of the heart, as after section of the 
spinal cord at the level of the 1st dorsal vertebra, the animal: can be 
alternately placed in the horizontal and vertical feet-down postures. 
The arterial side is thereby so far emptied that scarcely any hydrostatic 
effect is produced. Ifthe femoral artery be then opened in the feet-up 
position, air will be sucked into the arterial system, while in the feet- 
down posture but a few drops of blood will escape. 

On the venous side the hydrostatic effect of gravity is most marked, 
the pressure rising and falling with each change of posture. 

During standstill of the heart the arterial pressure in the feet-down 
posture falls to the same zero line after section as before section of the 
spinal cord. 

During the escape of the heart from inhibition the venous pressure 
falls about 150 to 200 mm. MgSO, solution, while the arterial pressure 
| rises about 100 to 150 mm. Hg, or 1300 to 1950 mm. MgSO, solution. 
Thus the heart raises enormously the mean pressure of the circulatory 


system. 
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CHaARING Cross HOSPITAL. 


The Physiological Action of Hydrastine Hydrochlorate, 
By C. D. and 8S. PEmBREY. 


(Preliminary Communication.) 

A considerable amount of work upon the action of this drug has 
been done by various observers, but on account of the contradictory 
results further research was considered necessary. 

In the present experiments chemically pure hydrochlorate of 


hydrastine has been selected on account of its solubility in water. The 
following is a preliminary account of the results. 


Effect of poisonous doses. 

In Frogs #y grain (0020 grm.) caused within 20 minutes paralysis 
of the fore-limbs, succeeded in a minute or two by typical spasms; the 
frog recovered by the next day. 4 grain (‘0081 grm.) causes within 
15 minutes convulsions similar to those of strychnia poisoning; the 
animal during a spasm is rigid and rests on its mouth and toes. 


‘Death generally occurs within two hours. 


In Mice 4 grain (0081 grm.) causes within 15 minutes convulsions 
similar to those of strychnia poisoning and death within half-an-hour. 

In Rats } grain (0486 grm.) produce no effect, whereas 14 grains 
(0972 grm.) cause within 20 minutes paralysis of the hind legs, suc- 
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ceeded within an hour by convulsions and by death within three hours. 
A dose of 2 grains (1296 grm.) quickens these stages and causes more 
marked convulsions, together with salivation. 

In Rabbits 12 grains (‘7776 grms.) produced no effect beyond a quick- 
ening of the respiration and increased liveliness. In the case of a half- 
grown rabbit a dose of 154—23 grains (1—1°5 grm.) caused convulsions 
within 20 minutes, the head was thrown back and the legs extended ; 
tonus and clonus were well marked ; death occurred within 14 hours. 

In Cats a dose of 10 grains (‘6480 grm.) produced a very profuse 
salivation, commencing within 30 minutes of the injection. Respira- 
tion was very rapid and the animals were considerably depressed. In 
some cases there was vomiting, in all cases marked loss of appetite, 
widely dilated pupils, slight spasms and incoordination. Death occurred 
in one case, a strong full-grown tom-cat, on the second day after a dose 
of 15°4 grains (1 grm.). 

Effect on the different Systems :— 

Nervous System. The cutaneous sensibility is increased. The 
convulsions are of central origin, for section of the nerves abolishes 
them. The rate of the contraction of the muscles during a spasm is 8 
to 10 per second. The pupils are stationary at first, then widely 
dilated and even more so the next day. 

Vascular System. The direct application of the drug to the 
separated heart of a frog showed with two or three drops 8 per 1000 tap 
water a tonic action, the auricular contraction being prolonged and 
increased, the ventricular also prolonged. Three or four drops 1 in 
10Q cause marked slowing of the ventricular contraction, thus rate is 
1 in 10 seconds compared with 4 in 10 seconds, and the height of 
contraction is doubled. 

Digestive System. In the rabbit and rat no marked effect was 
observed, but in the cat there was vomiting and complete loss of 
appetite for several days. In the case of the cat which died on the 
second day after a dose of 15:4 grains (1 grm.) there was no inflamma- 
tion of the stomach, but a large quantity of bile was found in the gall- 
bladder and bile-stained liquid in the stomach and upper part of the 
small intestine. The bile when injected into a frog caused spasms 
typical of bydrastine poisoning. 

Eaxcretory System. The drug is rapidly excreted by the kidneys, 
for the urine passed within 25 minutes of the injection of 10 grains 
(‘6480 grm.) into a cat caused typical convulsions in a frog, but a toxic 
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quantity was still discharged on the 2nd and 3rd day. Normal urine 
produced no effect when injected into a frog. 

Respiratory System. The rate of respiration is greatly quickened, 
160 as compared with 40 the normal rate in cats. The respirations are 
deeper as well as quicker. 

Reproductive System. No direct action could be observed on the 
virgin uterus. A pregnant rat and a pregnant rabbit did not abort 
even when given large doses of the drug. One pregnant cat aborted 
12 days after the injection of 15:4 grains (1 grm.) of the drug, but this 
was a secondary effect of the drug, for the animal took little or no food 
during that time and became very thin. A dose of 10 grains (6480 
grm.) caused another cat to abort within 12 hours of the injection, 
whereas a similar dose did not produce the same effect in a third cat 
until 4 days after the administration of the drug. The foetuses were 
four inches long and showed no sign of life. We think it probable that 


. the foetuses in these cases were killed by the action of the drug before 


the commencement of abortion. 

Muscular System. The drug (1 in 1000) appears to have no direct 
action on the voluntary muscles. Rigor mortis came on very quickly © 
and was very marked in cases of poisoning by the drug. 

Effect on Temperature. A poisonous dose caused the rectal tem- 
perature of a rat to fall from 38°5° C. to 33°, although the convulstons 
were well marked. 

Cases of Recovery after Poisoning. Three or four frogs after showing 
typical convulsions recovered when kept in moist surroundings. One 
frog after showing typical spasms recovered and remained apparently 
well for 5 days, but on the 6th day it had typical convulsions and died. 

Note. In all cases, unless otherwise stated, the drug dissolved in 
water was injected subcutaneously. No local inflammation was ob- 
served, 


Influence of acids and alkalies upon the electrotonic 
currents of medullated nerve. By A. D. WALLER. 


Summary’. 
1. The usual and typical effects of carbonic acid are: 
a diminution of A, (Plates 2200, 2429) 
and an augmentation of K (Plates 2195, 2429). 
The letters A and K denote respectively Anelectrotonic and Katelectrotonic currents. 


The plates exhibited at the meeting, and designated by the numbers in brackets, are not 
here reproduced ; their essential measurements are given in the Table. 
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2. When the effect is slighter than typical, a primary augment- 
ation of A is obtained (Plate 2199). | 

3. When the effect is greater than typical, a primary diminution 
of K is obtained (Plate 2363). 

Of these three statements the first may nearly always be verified, 
the second and third more rarely. The third statement may always 
be verified by the use of a stronger acid, eg. by a bath of n/5 H,SO, 
for 1 min. (Plate 2359). . 

From these three statements the conclusion is that acidification of 
increasing strength affects firstly the A process, secondly the K process, 
the order of appearance of effects being 

1. Anelectrotonic increase, 
decrease, 

Katelectrotonic increase, 
3. Katelectrotonic decrease. 

Diminution of A with augmentation of K is the characteristic 
acidic effect; it is produced by carbonic, formic, propionic, acetic, 
sulphuric, hydrochloric, nitric, and other acids. 

In many experiments however one or other of these two changes 
is defective or excessive (in general rule the augmentation of K is less 
prominent than the diminution of A), so that it is more convenient 
to take as the characteristic acidic effect diminution of the quotient 
A/K (Plate 2412) 

Augmentation of A with diminution of KX is the characteristic basic 
effect ; it is produced by soda, ammonia, potash and other alkalis. 

But for a reason similar to that given in the case of acids (in general 
rule the diminution of X is more prominent than the augmentation 
of A), it is more convenient to take as the characteristic basic effect 
augmentation of the quotient A/K (Plate 2360). 

The characteristic effects of acids and bases respectively are obtained 
only within a certain optimum range of acidity and alkalinity (between 
about n/10 and n/20), below which and K, and therefore the quotient 
A/K, are not sensibly altered (Plate 2358); and above which they are 
relatively about equally diminished, without therefore any marked 
alteration of the quotient A/K (Plate 2359). 

The characteristic acidic effect (diminution of A/K) and the cha- 
racteristic basic effect (augmentation of A/K) are consonant with the 


1 Augmentation of 4/K, as a slight effect of CO,, has not hitherto occurred in any of 
my experiments, with one exception (2450). But it has frequently manifested itself in 
consequence of prolonged tetanisation. | 
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theory that electrotonic currents are the consequence of electrolytic 
polarisation (Hermann, Bernstein), and with the further supposition 
that the seat of such polarisation in each medullated nerve-fibre is 
the boundary or interface between white sheath and grey core. The 
electrolytic process at the Anode (in the direction of white basification 
and grey acidification) is disfavoured by acid ; the electrolytic process at 
the Kathode (in the direction of white acidification and grey basification) 


is disfavoured by base. | 
No. Time A Kk A/K 
2158 Norm. +195 -8 65 


co, 
2—3min, +8 -~85 23 

2195 Norm. ~ 12 

co, 

2 min. -17%5 

5 ,, — 28 

— 23 

15 ” -18 

20 ” ~- 15 
2199 Norm + 7 
C0, 
8min. +14 
5 +15 
+12°5 
15 ,, + 95 
+ 85 
+ 
2200 Norm. +21 

CO, for 1 min, 
2min. + 95 
+15 
” + 23 
2855 Norm. +225 -7 8-2 
NaOH, n/20 


2—Smin. +145 -2 72 
2358 Norm. +175 -7 2°5 
KOH, n/50 


Illustrating 
The diminution of the A/K quotient by CO,. 


The primary augmentation of K by CO, 


(common). 


The primary augmentation of 4 
by 


The diminution of 4 by CO, (common). 


The augmentation of the 4/K quotient by 
soda. Both and K ave dimin 
ished, but the diminution of X is relatively 
greater than that of A. 
of 


The absence of alteration of A and K by 
potash of less than optimum strength. 
_ The A/K quotient is practically constant. 


The diminution of A and of KX by 
pharic acid of greater than optimum 


strength. 
The A/K quotient is not markedly 


| 
4—5min. +185 -75 
2859 Norm. -9 2°4 
j H,80,, 
84min. +165 -55 8 
, +18 -4 8°25 | 
34, +6 -9 3 | 


0—8 min. 1°/, NH, vap. for 8 min. 
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KOH, n/20 

+18 -28 78 
+15 -15 10 
+17 -12 1% 

co, 
+256 85 07 
+19 -155 12 
+19 88 
Oxalic A. n/10 
+23 -9 
+19 -6 82 
4 
Propionic A. n/10 
+10 -16 7 
CO, for 8 min. 

+ 1 
+11 -15 174 


+19°5 
+19°5 


-7 28 
-65 8 


5°/, NH, vap. for 3 min. 


Tllustrating 


The au tation of the quotient A/K by 
in um concentration. 
K is absolutely diminished. 


The primary diminution of K by CO, 
(rare). 


The necessity of sometimes correcting for 

altered resistance, before concluding that 
there is any absolute alteration of A or K. 
In this instance the resistance was reduced 
by 25 °/, by the acid, and the measurements 
must be corrected accordingly -7, 


to +17; 
+14, 4°65. 


The diminution of the — A/K by 00,. 


During of 
A is diminished, 
K is absolutely augmented. 
(Subsequently both A and K are abso- 
lutely augmented, but the augmentation 
of K is relatively greater than that of A, 
so that the quotient 4/K is below normal.) 


The augmentation of A/K by ammonia 
vapour, with absolute ution of K. 
ute augmentation 
absolute diminution of 4. 


No. Time a 
8—4 min 
_,, 
2—3 min 
132—8 ,, 
2410 Norm. 
8—4 mi 
_,, 
2412 Norm. The diminution of the quotient A/K by pro- 3 
pionic acid in concentration. 4 
| A is absolu diminished. 
5—6 mi K is aincbitaly augmented. 
| 
2422 Norm. 4 
1—2 mi 
8 
1ll—3 ,, 
2428-9 Norm. q 
,, 
24—5 ,, +19 -8 6°3 
41—2 ,, +165 -trace — ‘ 
49—52 ,, CO, for 3 min. 
,, +10 -7 1°4 
| 55—6 ,, +185 -7 19 
| 57—8 , +17 -10 
69—60 ,, +175 -125 14 
61—2 ,, +185 -105 18 
6s—4 ,, +18 -8 2°25 4 
69—70 ,, +17 -45 388 
2482 1—2min. +238 -8 29 Augmentation of the 4/K | 
» +2333 -7 8°4 NH, vap. quotient by NH,. 
, +24 4 5°/, for 4 min. 
7—8 , +245 -65 49 
| 9—10 ,, +24 -85 68 
| 19-20 ,, +285 -25 94 4 
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On the Excretion of CO, and H,O by the Skin. By WAKELIN 
Barratt, M.D. 


From the Pathological Chemistry Department, University College, 


The amount of water and carbon dioxide given off by the skin was 
first investigated about 100 years ago by Lavoisier in France and 
Abernethy in England. Since that time the subject has been chiefly 
studied by German observers. In some of the experiments made the 
carbon dioxide and water given off from the whole of the surface of the 
body have been estimated ; and in others only a portion of the skin has 
been used. When the whole of the skin is employed, the total output 
of carbon dioxide and water can be determined, and this method is 
useful in studying the general metabolism of the body ; but if the effect 
of purely local pathological conditions is to be investigated only a limited 
area of skin can be used. In these experiments the object has been to 
study the process of elimination of water and carbonic acid gas as it 
occurs locally under normal and pathological conditions, and therefore 
the latter method has been made use of, the left upper limb (up to the 
level of the insertion of the deltoid) being employed. The limb is 
placed in a receiver through which passes a current of air free from 
water and carbon dioxide. The amounts of these substances which are 
given off by the limb are taken up by the stream of air and are subse- 
quently estimated by absorption with sulphuric acid and soda lime. 
Numerous precautions require to be taken to insure accuracy in the 
results obtained. 

In this way the normal output of water and carbon dioxide, and 
the influence exercised by the application of a ligature to the limb, 
have been investigated. The use of a ligature was chosen with a view 
of producing some easily induced, transient, pathological condition, in 
the hope that this might result in throwing some light upon the mode 
of production of perspiration and carbon dioxide, The effect of a 
ligature is to compress the blood-vessels, lymphatics and nerves; when 
the compression is marked the radial pulse is barely perceptible, 
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sensation is very much interfered with, and there is more or less complete 
paralysis of the muscles of the fingers, together with paresis of thé 
muscles of the forearm. | 

The following results have been obtained. The normal output of 
water given off by the left forearm at 35° C. is 3-5 to 40 grammes per 
hour, and the output of carbon dioxide under the same circumstances is 
about 20 milligrammes per hour. Temperature has not a marked effect 
upon the amount of water excreted ; the elimination of carbon dioxide 
is diminished by about 50°/, when the temperature of the receiver is 
changed from 35° C. to 25°C. Variations in the output occur, amount- 
ing to as much as 20°/, of the mean amount. These variations are 
always met with; all attempts to secure results agreeing more closely 
end in failure. They cannot be attributed to errors of analysis, but are 
presumably due to an absence of identity of all the external and 
internal conditions of experiment, such, for example, as temperature of 
the room, climatic conditions, state as regards food, exercise and fatigue, 
time of day, and general bodily condition. Owing to the difficulty or 
impossibility of measuring and controlling these variants their effect 
individually is very hard to estimate. The diurnal variations further 
cause considerable difficulty in investigating the influence of patho- 
logical conditions induced experimentally. Thus, it being determined 
to study the effect of a ligature, applied to the limb, upon the excretion 
of carbon dioxide and water, a series of estimations was first made with 
the skin normal, then another series with the ligature applied; and the 
two compared. But no satisfactory results were arrived at in this way 
owing to the diurnal variations of output. In the case of water the 
effect was small and sometimes in the direction of an increase sometimes 
in that of a diminution ; in the case of carbon dioxide, with the ligature 
applied there was always an increase, but it was felt that the possibility 
of the increase being merely accidental was not excluded. The difficulty 
was got rid of by making two estimations in immediate succession. It 
was found that under these circumstances, with normal skin, the two 
estimations agreed fairly closely and if several such double estimations 
were made, the mean difference was very small. By making in this 
way two estimations, the skin being normal during the first estimation 
and the ligature being applied during the second, and the experiments 
being several times repeated, the effect of the ligature was determined 
and the possibility of error in the result eliminated, the difficulty 
presented by the diurnal variations being thus overcome. 
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By this means, it was found that, when a ligature is applied, the 
water given off by the skin is lowered, the diminution reaching as much 
as 20°/,, while on the other hand the output of carbon dioxide shows 
an increase amounting to 40°/, or more. 


*,* Towards the expenses of this research a grant was made by the 


British Medical Association on the recommendation of the Scientific Grants 
Committee of the Association. 
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On the Deep and Surface Temperature of the Human 
Body after Traumatic Section of the Spinal Cord. By M. S. 
PEMBREY 


Numerous clinical observations have shown that a crush of the 
human spinal cord may cause in some cases a rise, in others a fall of 
temperature. The causes of these different results are imperfectly 
known, owing to the fact that in most cases only the deep temperature 
of the body has been observed. 

In the following case under the care of Mr Astley Bloxam, Senior 
Surgeon, Charing Cross Hospital, the method adopted by Waller for 
the determination of the temperature of the skin and the amount of 
aqueous vapour given off by the skin has been employed. 

Mrs , aged 22, fractured her spine at the level of the 6th 
Dorsal Vertebra on September 5th, 1896 ; on admission to the Hospital 
half-an-hour after the accident there was complete motor and sensory 
paralysis below the seat of injury, the deep and superficial reflexes were 
absent, the temperature in the mouth was 36°7 (98°), but during the 
night it rose to 38° (100°4°) followed soon by a fall to 37° (98°6°). At 
first there was retention, then incontinence of urine and feeces. 

From September 6th to September 13th the temperature in the 
mouth was above normal, varying between 36°5° (97°6°) and 37°9° 
(100°2°); from September 13th to October 10th the temperature was 
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generally subnormal, the lowest and highest records being 35°8° (96°4°) 
and 37°9° (100°2°); from October 11th to October 18th there was fever 
due to hypostatic congestion of the lungs, the highest temperature 
observed being 39°3° (102°8°); from October 19th to October 26th the 
temperature showed daily variations between 36°1° (97°) and 378° 
(100°). 

Unfortunately I did not hear of the case until October 28th, when 
I commenced observations upon the deep and surface temperatures 
and the moisture given off by the skin, The opposite table gives 
the results obtained. 

An examination of the results shows that the surface temperature 


of the paralysed parts was comparatively high, even when the deep 
temperature was subnormal. When the patient was hot she sweated 


on the non-paralysed parts, but the paralysed parts were very dry and 
the epidermis cracked. The moisturé given off by the skin showed 
marked variations, but the data are too incomplete to justify any 
conclusion beyond a statement of the presence of this irregularity. 
The absorption capsules were weighed against a dummy capsule in 
order to render the weighing more exact than in Waller’s method. 

' The present case was not a good one for observation, for the patient 
first came under my notice about seven weeks after the injury, and her 
case was complicated by pregnancy and at times by hypostatic 
congestion of the lungs. The general condition of the patient was good, 
and there was only for a part of the time slight cystitis and a small bed- 
sore. The results are recorded with the intention of showing that 
much information could be obtained in cases of crushed spinal cord by 
the use of Waller’s method. 

An account of the normal delivery of this patient will be found in a 
paper by Dr Amand Routh. 

I wish here to express my thanks to Mr Astley Bloxam, Senior 
Surgeon, and to Mr Wallis, Assistant Surgeon, for giving me every 
facility for observing the case, My thanks are also due to Mr Lockyer, 
Surgical Registrar, and Mr N,§. Bickford, House Surgeon. 

The special thermometers, which were carefully compared with a 
standard thermometer, were supplied out of a grant from the Scientific 
Grants Committee of the British Medical Association. 
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The Causes of Absorption of Oxygen by the Lungs. By 
Drs LORRAIN SMITH and HALDANE. 


In order to further elucidate the causes of absorption of oxygen by 
the lungs we have determined under a variety of conditions and in 
different animals the oxygen tension of the blood leaving the lungs. 
The carbonic oxide method, described by us in the Journal of 
Physiology, December, 1896, was employed in these experiments. The 
chief conclusions arrived at are as follows :-— 

1. The normal oxygen tension of arterial blood varies considerably 
in different animals (from about 66 to 35°/, of an atmosphere), but is 
nearly always higher than the alveolar oxygen tension. 

2. In general the arterial oxygen tension rises or falls with rise or 
fall of the oxygen tension of the air inspired. : 
3. A fall of body temperature lowers the arterial oxygen tension. 

4. When the oxygen supply to the body is deficient in consequence 
of either deficiency in the oxygen percentage of the inspired air, or fall 
of atmospheric pressure, or carbonic oxide poisoning, the oxygen tension 
of the blood leaving the lungs rises relatively to that of the alveolar air 
and may become three or four times as high. 

5. Assuming that hemoglobin has the same properties inside and 
outside of the body the symptoms caused by diminished atmospheric 
pressure, or deficiency of oxygen in the inspired air, are not due to 
insufficient saturation with oxygen of the hemoglobin passing through 
the lungs. 


The Precipitation of Carbohydrates by Neutral Salts. By 
R. A. Youne. 


The researches of Nasse, Pohl, and Halliburton have shown that 
certain colloid carbohydrates are precipitated by saturation of their 
solutions with neutral salts. 

In the present research this method has been applied to all the 
common carbohydrates including the crystalline sugars, and also to the 
study of the digestion cleavage products of starch. 

Method. In nearly all cases, the saturation has been carried out at 
the ordinary room temperature in neutral solutions, the salt being 
added till no more would dissolve. 

In many cases excess of the salt has been added, and the solution 
allowed to stand over it for some hours or even days. 
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In a few cases the solutions have been saturated at higher tem- 
peratures. Sodium sulphate has its maximum solubility at about 33° C., 
and at this temperature is a very powerful precipitating agent. 

If precipitation occurs, the precipitate is collected, well washed with 
a saturated solution of the salt used for precipitation, and then, if 
necessary, the salt dialysed away and the reactions of the substance 
investigated. 

The principal salts used have been magnesium sulphate, sodium 
chloride, sodium sulphate, ammonium sulphate, and sodio-magnesic 
sulphate. 

Results. The general results obtained may be briefly summarised 
as follows : 

i, Crystalline carbohydrates. Dextrose, levulose, cane sugar, 
maltose, lactose were all investigated, but with uniformly negative 
results. 

ii. Glycogen is completely precipitated from its solutions by 
magnesium sulphate, sodio-magnesic sulphate and ammonium sulphate 
at ordinary temperatures, or by sodium sulphate at 33°C. It is not 
_ precipitated by sodium chloride, by half saturation with ammonium 
sulphate, nor by saturation with sodium sulphate at ordinary tempera- 
tures or at 100° C. | 

Saturation with ammonium sulphate or magnesium sulphate affords 
a ready means of obtaining glycogen from its solutions, and of 
distinguishing it from erythrodextrin. 

iii. Starch paste and soluble starch are precipitated by 
ammonium sulphate, magnesium sulphate, and by sodium sulphate 
at 33°C. 

It is incompletely precipitated by sodium sulphate in the cold, and 
by half saturation with ammonium sulphate, not at all by sodium 
chloride or ammonium chloride. 

iv. Mirythrodextrin is not precipitated by salts, though the red 
iodide of erythrodextrin is. 

A copious precipitate is however obtained by saturating solutions 
of commercial dextrin with ammonium sulphate. 

Solutions of this precipitate give a peculiar coloration with iodine, 
varying from a dark blue-violet through purple to dark red as the 
quantity of iodine added is increased. It seems to consist at any rate 
partly of soluble starch, but small quantities of a substance can be 
obtained from it, which gives a mahogany red with iodine, is not 
precipitated by magnesium sulphate but is precipitated by subsequent 
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saturation with sodium sulphate at 33°C,, and is apparently inter- 
mediate between soluble starch and erythrodextrin. 

v. Achroodextrin is partly precipitated by saturation with am- 
monium sulphate, and inulin partly by magnesium sulphate, but so far 
it has not been possible to effect complete precipitation. 

vi. The soluble iodine compounds of the carbohydrates, includ- 
ing that of erythrodextrin, are precipitated on saturation, in many cases 
more readily than the carbohydrates themselves, e.g. the blue iodide 


of starch is precipitated by sodium chloride whereas starch itself 
is not. | 


Preliminary Account of the Effects upon Blood-Pressure 
produced by the Intra-Venous Injection of Fluids containing 
Choline, Neurine or Allied Products. By F. W. Morr, M.D., 
F.R.S., and W. D. Hatirurton, M.D., F.R.S. 


The experiments have been conducted as follows: the animals used 
were dogs, anwsthetised with ether. The right external jugular vein 
and the left carotid artery were exposed and a cannula was intro- 
_ duced into each vessel. The artery was connected with a mercurial 
manometer in the usual way for taking a blood-pressure tracing. A 
simultaneous tracing of the respiratory movements was taken by the 
tambour method. 

The fluids were injected into the vein and the results were, with 
certain exceptions to be afterwards mentioned in all cases similar, viz. 
no marked effect upon respiration; but a marked temporary fall in the 
blood-pressure which begins about 10 seconds after the commencement 
of the injection. 

The fluids we used were 

(1) Normal cerebro-spinal fluid taken from a case of dripping from 
the nose during life, For this we are indebted to Dr St Clair Thomson. 
_ This produced no effect; one of us observed a similar negative result 
when the cerebro-spinal fluid taken from an animal during life has 
been introduced into the vein of another animal of the same species, 

(2) Cerebro-spinal fluid obtained post mortem from a considerable 
number of cases of general paralysis of the insane, from one case of 
stuporose melancholia, and from one case of cerebral hemorrhage 
owing to the giving way of a cortical cerebral vessel. 

To avoid fallacy of decomposition from microbic growth, it may be 
stated that the bodies were placed in a cold chamber (0° C. or below 
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that) within half an hour of death, and cultures were in all cases made 
from the cerebro-spinal fluid and blood of the frontal sinus, and in 
nearly all instances without result. This is necessary, because many of 
these people die with bladder affection or ulcerative colitis, and 
microbic toxins might arise. 

As a rule 10 ac. of the fluid were injected and although the effect 
varied somewhat in degree, yet in only one instance did no fall in the 
blood-pressure occur. That instance was the cerebro-spinal fluid from 
the case of cortical hemorrhage, an acute case with no naked-eye wasting 
of the brain substance. 

(3) The cerebro-spinal fluid was boiled and filtered, and the filtrate 
gave the same result. It could not therefore be due to proteid. 

(4) The cerebro-spinal fluid was mixed with several times its volume 
of alcohol, by which all proteids and proteoses would be precipitated. It 
was filtered and the filtrate dried at a temperature of about 40° C. and 
the residue dissolved in saline solution. This when injected gave a 
similar fall in the blood-pressure, 

(5) Solution of neurine hydrochloride 0°125 per cent. solution. 
2'5 cc. gave a similar fall: but in most instances this was followed 
by a return to or even above the original pressure and then a second 
fall which persisted to some extent, a condition we never observed 
with the cerebro-spinal fluid. This result is similar to that previously 
obtained by Prof. Schafer and Dr Oliver’. Stronger doses produce 
slowing of the heart, and slowing and deepening of the respiration. 
The fatal dose is less than a decigramme, respiration ceasing before 
the heart. 

(6) Solution of choline hydrochloride 0-2 per cent. solution. 5 .c. 
gave a result identical as far as we could observe with that obtained by 
the pathological cerebro-spinal fluids, With stronger doses there is 
slowing of the heart. 

(7) The blood obtained from two patients suffering with pseudo- 
apoplectiform convulsions of general paralysis obtained by venesection 
was mixed with several times its volume of absolute alcohol, filtered, 
and the filtrate evaporated to dryness at about 40°C. The residue was 
dissolved in saline solution and a quantity was injected corresponding 
to 50c.c. of the original blood in each case. The result obtained 
corresponded entirely with that obtained with the pathological cerebro- 
spinal fluids and with solution of choline. Normal blood similarly 
treated gave a negative result. 

1 This Journ, vol. xvi. p. 266, 
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It may be added that section of the vagi has no influence on the 
fall of blood-pressure produced by the injection. 

The substance in the pathological cerebro-spinal fluid which pro- 
duces the effect is precipitable by phosphotungstic acid ; it is therefore 
probably alkaloidal in nature. Normal cerebro-spinal fluid after removal 
of the proteid gives no precipitate with phosphotungstic acid. The 
pathological cerebro-spinal fluids we have examined are rich in 
coagulable proteid, contain no proteose or peptone, and are usually 
free from reducing substance. The reducing substance of the normal 
fluid was considered by one of us to be allied to, or identical with 
pyrocatechin. In small doses pyrocatechin produces no effect on 
blood-pressure; in large doses it causes a very slight fall. 

The effects produced upon the blood-pressure by the introduction of 
these various fluids into the venous circulation were experimentally 
demonstrated at the meeting of the society. A number of lantern 
slides were shown to illustrate the disintegration of the nerve-cells of 
the brain in some of the cases. 

Since the meeting we have taken tracings of blood-pressure simul- 
taneously with plethysmographic tracings of the limbs, and of the 
kidney, an air oncometer being used in connection with the latter 

There is no peripheral dilatation of the blood vessels. That 
the fall of blood-pressure is cardiac in origin was confirmed by ex- 
periments on the frog’s heart. These and other experiments are now 
in progress. This conclusion fits in very well with what is found in 
general paralysis of the insane ; cardiac weakness and enfeebled circu- 
lation are commonly observed ; and fatty degeneration of the heart is 
very frequently discovered post-mortem. | 
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Some points in connection with the comparative physiology 
of the suprarenal capsules. By SwALE VINCENT. 


At the meeting of this Society held at Oxford last year I showed 
a series of slides illustrating the comparative histology of the supra- 
renals. In Elasmobranch Fishes there are two distinct kinds of gland, 
which from histological considerations I considered were the represen- 
tatives of the cortex and medulla of the capsules in higher Vertebrates. 
In Teleosts and Ganoids, on the other hand, I could only discover one 
kind of suprarenal substance and this I deemed to be cortex. When 
we come to Amphibians the two glands are again present and combined 
to form the compound suprarenal capsule, and this connection persists 
in higher forms. 3 

At that meeting Prof. Schafer suggested that I should test the 
glands in fishes as to their physiological action upon the blood vessels, 
in order to see if the segmentally arranged suprarenal bodies really 
corresponded functionally to the medulla of Mammalian suprarenal. 
This has since been done and the results entirely confirm the views 
I had held from microscopical and naked eye appearances. 

Two methods of experimenting have been employed. (1) Perfusion 
of a circulating fluid containing the extract to be tested through the 
blood vessels of a toad with brain and spinal cord destroyed. (2) In- 
jection of extracts into the blood vessels of a living mammal and 
recording the blood-pressure tracing with the mercurial kymograph. 
The-results obtained by the two methods have been practically identical. 
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Extract of the “paired segmental suprarenal bodies” in 
connection with the sympathetic of Elasmobranchs, acts pre- 
cisely as does the extract obtained from the medulla of mam- 
malian suprarenal, i.e. the flow of fluid through the toad’s 
blood vessels is nearly stopped, or the blood-pressure of the 
mammal rises to an enormous extent. _ . 

Extract of the “interrenal body” gives a partial effect in 
the same direction. This is however I believe entirely due to 
contamination with the “medullary glands.” 

Extracts obtained from the suprarenals of Teleosts are 
inactive. I have not been able to test the matter in Ganoids. 

These facts point out that the suprarenal capsule of Mammalia 
corresponds to two separate and distinct glands in Elasmo- 
branch Fishes, for it is almost certain from the histological structure 
that the “interrenal” body is the representative of the cortical 
substance. 

A curious corollary upon the above observations is that Teleostean 
Fishes appear to have nothing corresponding to suprarenal 
medulla, their suprarenal bodies consisting entirely of cortex. Thus 
a large group of Vertebrates seem to be able to dispense with an organ 
which is of vital importance to Mammals. 

The literature of this subject will be found in a recent paper in the 
Anatomischer Anzeiger (xt. Bd. Nr. 1 u. 2, 1897). See also Proc. Roy. 
Soc., March 11th, 1897. 


The action of animal extracts on the peripheral vessels. 
By GrorcE OLIVER. 


The vessels of the frog’s mesentery were observed before and after 
the application of a drop of normal saline (as a control) and of normal 
saline containing 1°/, of the organ dried at 38° C.—the simple saline 
and the saline extract being of exactly the same temperature (16° C.). 
Throughout each observation the micrometer scale was kept in situ over 
exactly the same portions of an artery and of its companion vein; and 
_ when any change of calibre was observed to follow the application of the 
saline extract its duration and degree were noted until the calibre was 
restored, and it was accepted as the effect of the extract when it ex- 
ceeded the normal variations and when it was practically immediate, 
was invariable, and when it lasted a certain fairly uniform time and. was 
suceeeded by restoration of the calibre. In a well-arranged experiment 
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the normal variations were found to be but slight after the effects of 
the immediate exposure had passed away. Observations were made 
with (a) the brain plugged and (b) the brain and cord destroyed. In 
the latter case the circulation ceased and the obvious fallacy of slow 
shrinking required to be always kept in mind. The following dried 
organs were experimented with: brain, liver, pancreas, kidney, spleen, 
supra-renal, thyroid, thymus and pituitary glands and testis’. No 
invariable change was produced by the following:—liver, pancreas, 
kidney, and brain. Observation of the action of the remaining extracts 
is not sufficiently matured to enable assured conclusions to be stated 
except in the case of the supra-renal gland. A moderate constrictive 
effect has, however, been so far apparent after applying the extracts of 
spleen, testis and pituitary gland. But the supra-renal extract invariably 
produced the most decisive contraction and one moreover which per- 
sisted for 30 to 60 minutes. The constriction was equally pronounced 
whether the spinal cord remained intact or was destroyed. The 
velocity of the circulation was likewise lessened and at the acme of 
constriction the onward flow might cease or be replaced by a back-flow. 
On subsidence of the local effect the calibre of the vessels and the cir- 
culation may be completely restored. When the cord was destroyed 
the constriction rapidly and completely emptied the vessels. This 
constricting effect of supra-renal extract on the peripheral vessels may 
likewise be observed by the unaided eye by setting up inflammation 
of the conjunctiva in a rabbit (as by touching the eyeball with a glass 
rod dipped in acetic acid) and then dropping the extract on the injected: 
surface, when the redness quickly vanishes for about half-an-hour. 


Note on Calorimeter and Tidal Air. By W. Mancer. 


Dr Marcet exhibited his calorimeter for experimenting on the 
human subject. The instrument consists of two concentric chambers, 
the inside one is made of copper with a well polished inner surface, 
and the outer one of wood thickly padded with felt inside and outside. 
The air in the inner chamber is kept thoroughly mixed by two ven- 
tilators worked by the electricity used for lighting the laboratory. 
Thermometers give the temperatures of the air in the inner chamber, 
of the copper and of the annular space between the two chambers. 


2 Tam indebted to Messrs Willows, Francis and Butler, Chemists, 101, High Holborn, 
for fresh preparations of these organs. 
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A vessel holding a certain weight of ice is hung up inside the inner 
chamber, the melted water being collected in a flask, while the person 
under experiment sits on a chair in the copper chamber into which 
he is shut up. Several of the Members of the Society were enclosed 
in succession for a few minutes in the chamber, where there is just 
room for one person, in the sitting position, and found no inconvenience 
from any draught, neither did they experience any sensation of heat 
or of want of air. In case of need a small glazed window can be 
pushed open from inside. Preliminary experiments are being under- 
taken with his calorimeter by the author in conjunction with 
R. B. Floris, F.C.S. 

Dr Marcet also made a communication on the volume of the tidal 
air in the respiration of man. He began by stating that the figure 
for this volume “500 cub. cent.” given in text-books of Physiology 
is, according to his experiments, much too high. This volume, however, 
is subject to great variations as it depends on the volume of air 
breathed and the respiratory frequency within a given time. For 16 
respirations per minute he found in 210 experiments, partly on himself, 
partly on his assistant,a mean of 250 cubic centimetres (reduced) for 
the volume of air inspired per respiration ; the volume of air inspired 
varied but little between each of the subjects under experiment. 

The author however does not attach much importance to this 
figure as it is liable to vary with each individual, but he concludes 
that a mean tidal air would be too high at 500 cc. He also related 
experiments demonstrating the inevitable error caused by face-pieces 
used for collecting the air expired, while on the other hand he showed 
experimentally the correctness of the method he has adopted for that 
purpose, after a certain training, that oe through the nose 
and expiring through the mouth. 
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Guy’s Hosprrat. 


The Effects of subcutaneous injections of extracts of 

suprarenal capsules. By SwaLe VINCENT. 
Preliminary Communication. 

The present investigation was undertaken with the object of 
comparing the physiological action of extracts obtained from the 
suprarenal capsules of fishes, with that of mammalian material. But 
I found at the outset that the latter action had been by no means 
satisfactorily made out, and so I have performed a series of experiments, 
employing extracts from the capsules of the ox, the sheep, and some 
other animals, and injecting them subcutaneously into rabbits, guinea- 
pigs, rats, and mice. The conclusions I have reached so far are as 
-follows : 

(1) It requires comparatively very large doses of suprarenal ex- 
tract to cause death in any animal when injected subcutaneously. 

(2) Rabbits, guinea-pigs, rats and mice, can all be. killed by the 
injection if the dose be sufficiently large. 

(3) The characteristic symptoms after injection are slow mus- 
cular movements, paresis and finally paralysis of the limbs 
(bind limbs always become affected first), blood in the 
urine, and bleeding from the nostrils (not in rabbits), breathing 
rapid and shallow at first, finally becoming deep and infrequent, 
and occasionally convulsions resembling those of asphyxia, preceding 
. death. The temperature frequently falls very low before death. 
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The blood-coloured urine was found in one case at least to contain 
no corpuscles, The paralysis is central, not peripheral, as shown by 
the effect of stimulating the sciatic nerve when the condition is fully 
established. | 

(4) The injection of glycerine extracts causes local sloughing and 
ulceration. 

(5) The cortex of the gland is inactive as regards any 
appreciable general effects, just as Oliver and Schifer found it to 
be in its effect on blood-pressure. 

(6) Other gland extracts (liver, spleen, kidney, etc.) are 
likewise inactive. 

(7) Even after several of these symptoms have supervened and 
the animal is considerably paralysed, the effects may pass off and 
complete recovery follow. 

(8) The precise dose which will be fatal to an animal of given 
weight cannot be predicted, as idiosyncrasy plays a large part 
in the conditions. 

(9) After a sub-fatal dose a partial immunity seenis to be set 
up, so that it is difficult to cause a fatal result by subsequent 
injection. 

The extracts employed have been prepared in different ways. 
Some were obtained by boiling the fresh glands for a time and filtering, 
the filtrate being used for injection. Some of the glands were cut up 
and dried at a low temperature, and the dried material subsequently 
boiled for a short time with normal saline, the decoction being carefully 
filtered. In other cases cortex and medulla were separated as far 
as possible and treated in the same manner. Again, some of the 
extracts were alcoholic and others glycerine extracts. Numerous 
control experiments have been performed. Thus when a glycerine- 
extract was injected, the same amount of glycerine diluted to ‘the 
same extent was injected into another animal of as nearly as possible 
the same weight. 

I hope to give an account of the results of previous observers and 
full details of my own experiments in a more extended paper at an 
early date. 
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An experiment in Colour-Sensation. By GrorcE J. BURCH. 


In the Proceedings of the Physiological Society, June 20, 1891, 
Dr Waller has described a colour contrast experiment which appears 
to demonstrate the influence of judgment in the determination of a 
contrast effect. The phenomenon which I propose to demonstrate 
seems to indicate that it is possible to analyse a complex colour- 
sensation by concentrating the attention upon the idea of colour. 

If direct sunlight is examined with a spectroscope of such wide 
dispersion that only a small portion of the spectrum is visible at one 
time, and with the slit so narrow that the illumination is of quite 
moderate intensity, it will be found that so long as the observer is 
occupied merely in measuring the position of the Frauenhofer lines, 
the tint of each portion of the spectrum appears perfectly steady. But 
if his attention is directed to the colour of the light, after a couple of 
minutes at most it begins to flicker and change, although the difference 
in tint between the two sides of the visible portion of the spectrum 
may be very small. The effect is most noticeable in the neighbourhood 
of the orange, which appears green and red by turns, so that it is quite 
impossible to fix a neutral point between the two colours, Thinking 
that the phenomenon might be due merely to the unconscious 
wandering of the attention from one part of the spectrum to another, I 
tried it with the sodium flame, opening the slit until the lines widened 
into a broad band that extended more than half across the field. I saw 
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the same flickering play of colour from green to red, and red to green, 
but owing to the feebler illumination it was much longer in coming on. 
Apparently it is seen only when the eye is getting fatigued. In this 
case there could be no possibility of successive contrast. The use of 
the spectroscope in this experiment is to cut off the blue light of the 
Bunsen flame which otherwise affects the eye. 

I can detect a similar flickering in the blueish green between b and 
F, which looks alternately green and blue, and in the indigo near G, 
which appears blue and violet by turns, but the changes are not so 
rapid nor so striking. 

It is essential in all these experiments that the illuminated area 
should be large, so as to affect the whole retina at once. 

Mr Marsh, of Balliol, noticed the phenomenon without being told 
what to expect. 
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